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DIRECTOR  NOTES 


This  issue  contains  the  Advance  Program  for  the  49th  Shock  and  Vibration  Sym- 
posium. My  most  sincere  thanks  are  extended  to  the  program  committee  for  a 
job  well  done.  In  my  opinion,  the  selection  of  technical  papers  this  year  promises 
to  be  as  interesting  and  informative  as  any  we  have  ever  had.  The  National  Aero- 
nautics and  Space  Administration  takes  its  turn  as  host  with  Goddard  Space  Flight 
Center  doing  the  honors.  The  outstanding  cooperation  and  support  by  Brian 
Keegan  and  others  at  the  Goddard  has  made  our  job  at  SVIC  substantially  easier. 

In  the  Opening  Session,  the  Keynote  Address  and  two  of  the  invited  papers  will 
be  presented  from  the  viewpoint  of  NASA  interests.  As  always,  it  is  expected  that 
these  talks  will  provide  useful  information  to  a broad  segment  of  the  technical 
community  and  inspiration  for  fruitful  discussions  during  the  remainder  of  the 
symposium.  We  will  also  be  treated  to  a veiw  from  the  Department  of  Defense 
with  respect  to  dynamics  and  the  DoD  technology  thrusts.  The  speaker  recently 
came  to  DoD  from  the  Aerospace  Corporation,  so  we  may  anticipate  that  dynamics 
problems  are  not  exactly  new  to  him. 

I am  proud  to  announce  that,  for  the  first  time  in  several  years,  there  is  a complete 
session  in  the  program  covering  human  response  to  vibration  and  shock.  This 
session  was  especially  organized,  rather  late  I might  add,  to  meet  a special  need. 
The  program  committee,  and  others,  felt  there  should  be  more  interchange  of 
information  between  the  biodynamics  people  and  those  concerned  with  structures 
and  equipment.  My  thanks  to  Dr.  John  Guignard  for  his  assistance  in  organizing 
the  session  arxJ  to  the  speakers  for  accepting  our  invitation  to  participate.  I think 
that  representatives  from  all  areas  of  the  shock  and  vibration  fraternity  will  be 
interested  to  hear  these  papers.  We  look  forward  to  a successful  symposium. 

H.C.P. 
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THE  BLACK  BOX  SYNDROME 


' Many  engineers  seem  to  be  relying  on  data  processing 

devices  but  apparently  do  not  understand  how  they 
work.  It  has  become  common  practice  for  both 
mathematical  analysts  and  experimentalists  to  enter 
data  into  "black  boxes"  that  manipulate  or  process 
the  data.  Engineering  judgments  and  recommenda- 
tions are  therefore  increasingly  based  on  the  results 
of  some  sort  of  data  manipulation  process  that 
isn't  understood  by  the  user  - I call  it  the  "black 
I box  syndrome."  The  black  box  might  be  a large 

general  purpose  computer  program  for  the  mathe- 
' matical  analyst  or  a real  time  analyzer  for  the  experi- 

mentalist. Regardless,  this  practice  frightens  me 
because  important  decisions  are  being  made  on  data 
processed  in  ignorance  - the  user  does  not  know  the 
capabilities  of  assumptions,  compromises,  or  limita- 
tions of  the  system  he's  depending  on.  At  the  very 
least  the  user  fails  to  take  full  advantage  of  the 
capability  of  the  device;  even  worse,  ignorance  can 
result  in  errors  in  judgment  that  may  in  turn  lead  to 
an  engineering  disaster. 

I Some  years  ago  the  technologies  of  both  experi- 

mentation and  mathematical  analysis,  based  on 
electronics,  began  to  grow  at  a rapid  rate.  At  present 
the  digital  computer  and  other  portable  digital  data 
processing  devices  are  marvelous  data  processing 
tools,  capable  of  turning  out  accurate  results  quickly. 
The  large  data  processing  and  storage  capabilities 
of  digital  computers  have  made  practical  the  solution 
by  numerical  methods  of  complex  structural  dy- 
t namics  problems  at  a reasonable  cost.  As  a result 

the  capability  and  cost  effectiveness  of  the  engineer 
has  grown  at  a phenomenal  rate.  In  the  experimental 
area  new  measuring  devices  have  allowed  voluminous 
amounts  of  data  to  be  collected  in  a precise  manner. 
' Coupled  with  this  data  gathering  capability  has  been 

tremendous  growth  in  the  ability  to  analyze  complex 
signals  instantaneously  with  the  real-time  analyzer. 

4 

‘ The  problem  as  I see  it  today  is  that  the  capabilities 

of  hardware  and  software  have  grown  much  faster 


than  those  of  the  average  engineers  who  use  them  ~ 
thus  bringing  on  the  black  box  syndrome.  As  a 
result,  either  the  engineer  is  totally  unfamiliar  with 
the  capabilities  of  digital  data  processing  and  there- 
fore does  not  derive  full  benefit  from  their  applica- 
tion or  he  uses  them  even  though  he  is  only  partly 
familiar  with  their  capabilities  and  limitations. 
Data  in  and  data  out  thus  equal  a decision,  and  only 
a few  engineers  know  why,  and  only  a few  are  aware 
that  the  black  box  can  distort,  has  limits,  and  can 
degrade  results. 

The  solution  to  this  dilemma  is  training.  Good 
training  is  available  (see  the  monthly  Digest  short 
course  listings)  at  a reasonable  cost  - a fraction  of 
the  cost  of  the  equipment.  In  fact,  most  companies 
that  make  black  boxes  are  eager  to  train  users. 
The  vendors  realize  that  the  more  the  buyer  knows 
about  their  black  box,  the  more  he  will  use  it  and 
that  this  is  a good  way  to  establish  a demand  for 
larger  and  better  black  boxes.  Training  courses 
increase  the  capability  of  the  engineer,  as  well  as  his 
confidence  that  the  decisions  made  are  based  on 
facts  rather  than  on  magically  manipulated  data. 
I recommend  that  management  provide  training 
opportunities  for  their  engineers  before  they  begin 
to  use  new  equipment.  In  this  way  the  risks  inherent 
in  the  black  box  syndrome  can  be  avoided. 


R.L.E. 
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BALANCING  MACIIINLS  KKVIKWLI) 


!).(>.  Sladelbaurr* 


Abstract  - This  article  reviews  the  history  of  balancing 
machines  and  compares  various  types  currently  in 
use. 


Con\piJteri/ed  balancing  has  been  larric'd  tnii  lor 
years  in  large,  highspeed  test  facilities  for  flexible 
turbine  rotors  and  generator  rotors.  With  the  advent 
of  the  low  cost  table-top  computer,  a similar  ap 
proach  has  become  economical  for  many  production 
balancing  operations,  and  the  first  sucfi  installations 
are  underway  (see  Fig.  1 for  a typical  arrangement) 
Thus,  the  art  of  balancing  has  become  a iJtecistily 
controlled  routine,  and  all  steps  and  salient  data  are 
permanently  recorded. 

EARLY  BALANCINC;  MACHINES 

The  first  balancing  machines  were  developed  around 
1900;  they  were  trial  and  error  devices  consisting  of 
a flexibly  mounted  set  of  bearings  with  some  means 
of  drive  (see  Fig.  2)  Yeats  passc-d  before  mechanital 
indicators  were  developed.  First  the  magnitude  ol 
vibration  was  indicated;  then  the  high  spot  on  the 
shaft  was  used  as  a crude  reference  tor  the  angular 
position  of  unbalance. 


Uuiing  the  late  iy2Us  and  eatly  1930s  elaborate 
counter  vibration  mechanisms  were  developc-d  that 
could  roiinieract  the  unbalance  vibration  in  the 
balancing  mactiine  by  means  of  a rnechanically 
generated  counterforce  of  known  magnitude  and 
phase  angle.  Uuiing  the  1940s,  electrical  indicating 
systems  with  electromagnetic  pickups  and  phase 
reference  qoneiators  tiecame  available;  the  latter 
rotated  in  synchrony  with  the  workpiece.  In  re 
stronse,  met.hanical  (ilane  selectors  anti  nodal  bars 
were  added  to  oldei  style  comijensation  machines  to 
allow  a direct  readout  of  unbalance  in  the  collection 
planes  durini)  the  first  spinup. 

On  a typical  aimpc-nsation  mactiine  (see  Fig  3)  tfie 
workpiece  (1)  was  end  dtive.n  from  a faceplate  (2) 
and  rotated  on  ofien  rollers  (.3)  sustrendc-d  from  ad 
justablo  springs  (4)  via  a linkage  (5)  The  motor 
driven  faceplate  also  drove  a cam  (6)  via  a manually 
turned  differential  (7)  The  latter  served  to  change 
the  angular  relationship  b(;twei;n  earn  anrf  work 
piece.  A vertit.al  pin  (8)  transmitted  the  motion  of 
the  cam  into  the  countervibration  mechanism  (9) 
The  amplitude  picked  u()  by  the  axially  movtrable 
finger  (10)  was  transferred  along  the  machine  bed 
by  an  oscillating  shaft  (11)  and  fed  back  through 
counter  springs  (12)  irdo  the  support  linkage.  By 
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Figure  L Typical  Computer  Control  of  Several  Balancing  Machines 
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Figure  2.  First  Known  American  Patent  on  a Balancing  Machine 


adjusting  the  phase  angle  and  amplitude  of  counter- 
vibration until  a dial  indicator  (13)  attached  to  each 
linkage  registered  zero  the  angle  of  unbalance  could 
be  read  on  a protractor  (14)  and  the  quantity  on  a 
scale  (15).  Readings  were  taken  in  sequence  for  the 
left  and  right  correction  planes  by  alternately  locking 
out  the  other  plane  with  a nodal  bar  (16)  and  plane 
locks  (17). 

The  manufacturers  of  machines  with  electrical  in- 
dicating systems  countered  with  electrical  plane 
separation  networks  that  enabled  the  operator,  with 
the  help  of  a balanced  rotor  and  test  weights,  to 
calibrate  the  indicating  system  in  practical  correction 
units  in  any  two  selected  correction  planes.  Angle 
indication  was  provided  by  a stroboscopic  lamp, 
which  eliminated  the  need  for  an  end-drive  coupling. 
This  development  was  used  to  balance  many  small 
and  medium  size  rotors  (see  Fig.  4). 

During  the  1950s  competition  continued,  and  both 
types  of  machines  were  further  refined.  An  electronic 
null  indicating  system  replaced  the  dial  indicators 


on  compensating  machines,  and  electrical  machines 
were  equipped  with  an  initial  unbalance  compen- 
sating network  called  a comptensator  (see  Fig.  5). 

The  compensator  eliminated  the  need  for  a balanced 
rotor.  Instead,  the  first  (unbalanced)  rotor  of  a series 
could  be  used  to  calibrate  the  machine  by  electrical 
compensation  of  the  unbalance  signals  with  the  help 
of  several  potentiometers  and  suitable  circuitry. 
Although  the  rotor  still  vibrated  in  the  machine, 
the  indicating  system  registered  zero  unbalance.  The 
operator  added  test  weights  of  known  value  and 
calibrated  the  plane  separation  and  amount  indica- 
tion networks  of  the  machine.  Thus  the  need  for 
physically  balancing  the  first  rotor  by  trial  and  error 
was  eliminated. 

Compensation  machines  were  usually  equipped  with 
a tunable  workpiece  suspension  system  that  could 
be  adjusted  for  resonance.  This  provided  good  sen- 
sitivity. Machines  with  electrical  indication,  however, 
had  non-tunable,  softly  sprung  suspensions  in  which 
the  workpiece  rotated  considerably  above  resonance. 
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Figure  3.  Schematic  of  Compensation  Machine  with  Counter  Vibration  Mechanism 


Hence,  their  later  designation  as  soft-bearing  bal- 
ancing machines. 


HARD-BKARING  MACHINES 

In  the  late  1950s  and  early  1960s  a new  approach 
to  balancing  was  developed:  the  hard-bearing  ma- 
chine (see  Fig.  6).  The  workpiece  rotates  in  rigidly 
supported  bearings,  and  unbalance  is  measured 
directly  as  centrifugal  force.  Various  types  of  pick- 
ups are  used.  A serious  problem  was  the  extremely 
low  signal  to  noise  ratio,  which  necessitated  expen- 
sive filtering  systems  so  that  adequate  sensitivity 
at  balancing  speeds  low  enough  for  common  shop 
use  could  be  obtained.  The  first  machines  were  over- 
designed  with  regard  to  structure;  this  assured  ample 
rigidity  but  added  to  their  cost 


The  first  hard-bearing  machines  were  thus  i;x[)ensive 
to  buy  and  to  maintain.  Significantly  more  electronic 
components  were  neixJed  than  for  the  soft  beating 
machine.  After  several  years  of  refinement  and  the 
advent  of  solid  state  components  and  plug  in  cirt  uit 
boards,  the  hard-bearing  machine  became  more  torn 
petitive  pricewise;  the  superiority  of  the  system  soon 
propelled  it  to  the  forefront  of  the  market 

One  significant  advantage  is  permanent  calibration 
This  feature,  defined  by  ISO  1940.  "provides  calibra 
tion  for  any  rotor  within  the  capacity  and  speed 
range  of  the  machine  by  'setting'  it."  Setting,  in 
turn,  is  defined  as  "the  operation  of  entering  into  the 
machine  information  concerning  the  location  of  the 
correction  planes,  the  location  of  the  txsarings,  the 
radii  of  correction,  and  the  spc'ed,  if  applicable  " 

The  centrifugal  fores;  exertec  by  a specific  amount 
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Figure  4.  Machine  with  Electrical  Indicating  System  Using  Stroboscopic  Lamp  for  Angle  Indication. 
The  suspension  led  to  the  name  soft-bearing  balancing  machine 


of  unbalance  at  a given  speed  is  always  the  same, 
regardless  of  whether  the  unbalance  occurs  in  a sntall 
or  large  or  light  or  heavy  workpiece.  Direct  measure- 
ment of  this  force  permits  piermanent  calibration  of 
the  indication  system  of  the  hard-bearing  machine  in 
ounces  or  grams  for  all  workpieces  within  its  capac- 
ity Such  calibration  is  not  possible  with  soft-bearing 
machines  because  a specific  amount  of  unbalance 
causes  different  amplitudes  of  vibration  in  different 
types  of  rotors,  deperxjing  on  such  factors  as  mass 
arxl  configuration  of  workpiece,  rnoments  of  interia, 
mass  of  the  balancing  machine  suspension,  and 
balancing  speed 

A seldom  recogni/ed  proi  bearing  ma- 
chines IS  the  skill  required  k 'opropriate 


Figure  6.  Fully  Developed  Irtdicatittg  System  of 
Soft-Bearing  Balanclrtg  Machine 
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Figure  6.  Typical  Hard-Bearing  Balancing  Machine  with  Permanently  Calibrated  Instrumentation. 


Rotor  Oimeitsiorts  a,  b,  c and  t j , Vj  are  directly  dialed  into  the  analog  computer 


test  weight  si^e  and  suitable  calibration.  Estimations 
of  the  maximum  expected  initial  unbalance  require 
experience,  as  do  comparisons  to  the  specified 
tolerance  and  determination  of  a calibration  setup 
that  will  provide  a readable  indication  of  both. 
Correct  judgment  of  this  relationship  determines  to 
a great  extent  the  eventual  capability  of  a soft  bearing 
machine  to  indicate  a large  initial  unbalance  and  a 
small  final  tolerance. 

Size,  weight,  or  shape  of  a workpiece  change  fre- 
quently in  most  types  of  balancing  applications, 
particularly  in  short  production  runs,  maintenance 
and  repair  work,  and  shop  balancing.  In  such  in- 
stances, the  hard-bearing,  permanently  calibrated 
machine  is  most  valuable  because  it  provides  the 
operator  with  an  immediate,  first-run  readout  of 
unbalance  Because  most  hard-bearing  balancing 
machines  have  a dual  channel  indicating  system, 
readings  for  both  correction  planes  are  shown  simul 
taneously. 

Occasionally,  a workpiece  has  to  be  balanced  at  more 
than  one  speed  This  i;  not  particularly  difficult 


if  a hard-bearing  machine  is  used  because  built-in 
electronic  circuitry  maintains  permanent  calibration 
throughout  the  speed  range.  On  the  other  hand,  a 
soft-bearing  machine  must  be  recalibrated  for  each 
balancing  speed;  weigfits  are  attached  to  the  rotor 
for  each  calibration.  Problems  often  occur.  Typically, 
for  example,  the  weights  used  are  lumps  of  either 
clay  or  wax.  Even  though  they  are  carefully  weighed, 
errors  can  be  introduced  when  they  are  attached 
to  the  workpiece  because  it  is  difficult  to  position 
the  center  of  gravity  of  such  a lump  at  any  exact 
radius  or  angular  position  Such  positioning  errors 
result  in  calibration  errors.  In  addition,  the  peri- 
pheral speed  of  the  rotor  is  sometimes  such  that  the 
clay  flies  off,  specially  made  bolt-on  weights  or 
something  similar  must  then  be  used.  In  addition 
weights  temporarily  attached  to  a workpiece  pose 
some  danger  to  operators 

On  some  soft-bearing  machines  small  shakers  are 
mounted  to  the  supports  to  eliminate  the  calibration 
weight  problem.  Tttese  machines  are  calibrated  with 
the  shaker  force  when  the  rotor  is  not  turning  How 
ever,  the  fact  that  these  machines  do  not  account  tor 
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the  polar  inortiLMit  ol  loeitidot  the  rotor  siynrficantly 
affects  ttre  actura'  y of  calrbtaliotr  for  any  but  a 
rrarrow  rarryirof  rotors  of  slarrdarri  shape 


I ven  lirrrrtrrrJ  calibratiorr  trrqurres  that  the  operatrjr 
ardjrist  a series  of  rjrals  and  switches  itt  a prescribed 
segirence  In  prrncrtile,  he  vrbrates  tfie  rotor  on  the 
rtrar.hrne  supports  wrth  burlt-rn  shakers  that  produce 
a force  equrvalent  to  a known  unbalance  rrr  the 
bearing  plane  Shaker  frettuency  must  rxtnforrn 
precisrriy  with  the  intenrjiid  balaniiny  speed.  Next, 
an  ABC  network  r,  set  to  refer  the  calibration 
wei(|ht  simulation  to  thi'  cxrrrection  planes.  Another 
3i;l  of  dials  adjusts  for  the  radius  of  correction. 
Only  after  all  these  stejrs  have  been  carried  out 
can  the  actual  amount  be  calibratc*d,  eight  additional 
dials  are  necessary  to  establish  a fixed  relationship 
betwrrirn  shaker  force  and  unbalance  readout.  The 
same  shaker  force  is  used  for  all  rotor  sixes,  initial 
unbalances,  and  tolerance  requirements.  This  is  a 
ST'vere  limitation  when  lotoi  leguireinents  vary  over 
a wide  range.  Furthermore,  the  entire  process  must 
be  lejjeatcHj  if  the  balancing  speed  is  changed  or  a 
rotor  of  a different  size  is  to  he  balanced. 

Uiese  frequently  overlooked  difficulties  inherent 
III  itie  calibiation  procedure  of  soft-bearing  ma- 
chines point  out  the  basic  ease  and  simplicity  of 
the  newer,  hardbearing  machines.  Sensitivity  and 
ar.iuiacy  are  built  into  the  fiard  healing  machine, 
on  a soft  hearing  machine,  however,  they  are  en- 
tirely depenijent  on  how  well  tfie  operator  cali- 
brates the  machine  for  the  given  part. 

Peimanent  ailihration  in  no  way  compromises  the 
lapahility  of  a hardbearing  machine  to  measure 
extremely  largo  unbalanr-es  Ouite  the  amtrary! 
A haid  bearing  mai.hine  will  indicate  very  large 
initial  unbalances  that  wtruld  be  impossible  to  mea 
sure  with  soft  bearing  machines  becausrt  the  large 
vibration  amplitudes  would  exceed  the  limits  of 
the  picku()s. 

Aiiothi'i  imjioriani  idvantiKje  of  tiard  hearing  ma 
hiiies  IS  lliai  they  ilimiiiatn  wind  disturfiances  when 
blowers  anr)  Ians  aie  tialani.ixj  The  workpier.e  rotates 
as  if  It  were  assembled,  aiiri  there  is  no  swinging  of 
the  sujitKirls  as  can  occur  with  soft  bearing  machines. 
Thus  the  unbalance  signals  are  not  distorted 


Although  extremely  sensitive,  the  hardbearing 
suspension  system  is  rugged  and  cannot  be  damaged 
by  chips,  grit,  and  dirt  One  further  and  sometimes 
very  important  advantage  of  the  hard  bearing  ma 
chine  IS  its  capability  to  balance  at  extremely  low 
speeds,  something  a soft  bearing  machine  cannot 
do  ber,ause  its  balancing  speed  must  always  be  con 
siderably  higher  than  the  natural  frequency  of  the 
rotor  and  vibratory  supjrort  system  so  tfiat  a stable 
readout  is  obtained  for  the  calibration  Low  balancing 
speeds  greatly  reduce  the  horsepower  requirements  ol 
a machine  on  which  rotors  with  large  moments  of 
inertia  or  considerable  drrtg  are  to  be  balanced 
Horsepower  required  to  accelerate  a given  moment 
of  inertia  decreases  proportionally  to  the  square 
of  the  balancing  speed.  Horsepower  required  to  run 
a fan  decreases  approximately  proportional  to  the 
cube  of  the  speed.  A low  balancing  speed  can  thus 
significantly  decrease  tfie  cost  of  tfie  drive,  of  other 
related  components,  and  thereby  of  the  entire  ma 
chine  - in  addition  to  saving  energy 

The  advantages  cited  above  are  sufficient  reasons  tor 
the  dominant  position  in  the  field  of  balancing 
acquired  by  the  hard-bearing  system  during  the  past 
1b  years.  Not  surprisingly,  the  system  is  now  at  the 
forefront  of  a new  developmental  stage  ••  computer 
ixation.  All  hard-bearing  instrumentation  has  hereto- 
fore included  a manually  operated  analog  computer 
This  can  now  be  replaced  by  an  on-line  digital  com- 
puter which  transforms  the  art  of  balancing  into  a 
routine  task  Computerization  greatly  simplifies  the 
mating  of  a balancing  machine  with  such  correction 
devices  as  a drill  head  or  milling  machine,  thereby 
allowing  low  cost  automation  when  many  pieces  of 
the  same  type  and  size  are  to  be  balanced.  Such 
automation  was  previously  practiced  almost  ex 
clusively  in  the  automotive  industry  but  has  now 
become  economical  for  many  other  applications 
involving  shorter  production  runs. 
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LITERATURE  REVIEW 


I he  monthly  I itnraton!  Hnview,  a sohjcctivn  critigiie  and  summary  of  the  htera 
tore,  (.onsis's  of  two  to  four  review  artir.lrrs  ear.fi  rrujntfi.  3.000  to  4,000  worrjs  in 
len()tti  I til'  i)nr|)0'>e  of  ttns  sertion  is  to  presi3nt  a "fli()est"  of  literature  rrver  a 
[reriocJ  of  three  years.  Planneri  hy  tfie  ler.hnieal  Friitor,  ttiis  si.“Ction  provides  the 
iJICif  SF  reailer  witfi  up  to  rfate  insirjfits  into  r;urrent  technrjirjqy  in  more  than 
1')0  ti)()i(  areas  IFeview  ariii  li;s  irielude  ter.hnir.al  infrjrmation  from  articles,  rrjports, 
and  uri[)uf)lished  pror.eedin'js  I ar:li  .irtir.le  alsrr  rontainr.  a minor  tutorial  rjt  llie 
tei.lmieal  area  under  disr  ussion,  a survity  anil  evaluation  of  the  nrtw  literature,  and 
rr!f.r)mmeniiations.  Itr;vii;w  articles  are  writtrin  by  experts  in  the  sho'.k  and  vifjration 
field 

Current  wort  on  transonir  blade  flutter  research  issummari/ed  by  Professor  Plat/er 
of  the  Naval  Postrjiarluate  Srjfvtol.  Aerodynamic  theory  and  flow  models  are  re- 
viewed 

Profiissor  Norman  Jones  of  Massachusetts  Institute  of  Ti.'ctinoloqy  has  written  a 
twr>  [tart  article  on  recent  itroqross  rtn  tfie  dynamic  plastic  behavior  of  struclures 
Part  I on  the  befiavioi  of  ideal  fiber  reinforced  fteams,  fiigher  modal  resitonse, 
transversr;  shear  and  rotary  inertia  effects,  fluid  structure  interaction,  and  dynamic 
plastic  bucFlintj  is  [tublisfied  in  this  issue  rtf  the  IJIGfc'ST 


a survey  and  analysis 
of  the  Shock  and 
Vibration  literature 
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TRANSONIC  HLAOK  FLLITTKR:  A SURVKY  OF  NEW  DEVELOPMENTS 


M.F.  Plat*er* 


Abstract  ■ This  paper  is  a review  of  current  work  in 
transonic  blade  flutter  research.  Aerodynamic  theory 
and  flow  models  are  summarUed.  Analyses  of  super- 
sonic artd  transonic  flow  past  oscillating  cascades, 
blade  row  interactions,  and  three-dimensional  un- 
steady flow  throu^  rotating  annular  cascades  are 
given.  Experimental  studies  are  described. 

An  earlier  survey  [1j  presented  a general  description 
of  the  transonic  blade  flutter  phenomenon  and 
summarized  the  analytical  and  experimental  in- 
vestigations devoted  to  the  problem  prior  to  1975 
This  paper  updates  the  current  status  of  transonic 
blade  flutter  research. 

The  term  transonic  flutter  is  used  here  to  indicate 
that  the  flow  over  the  outer  span  of  a blade  is  either 
transonic  or  supersonic  Depending  on  the  flow  con- 
dition, any  of  three  types  of  flutter  can  occur: 

• transonic  choke  flutter,  when  the  blade  is  oper- 
ating at  near-choke  conditions 

• supersonic  unstalled  flutter,  when  the  attached 
flow  over  tfie  outer  span  of  the  blade  is  fully 
supersonic 

• supersonic  stall  flutter,  while  the  outer  portion 
of  the  blade  is  operating  supersonically  but  the 
flow  is  partly  or  fully  separated 

Ty()ical  flutter  boundaries  that  have  been  observed 
on  modern  compressors  are  shown  in  the  figure. 
The  choke  flutter  boundary  is  encountered  during 
part  speed  operation.  The  blades  operate  transoni- 
cally  at  negative  incidence  angles  and,  due  to  a 
choked  flow,  in-passage  shocks  with  possible  flow 
separations  are  likely  to  occur. 

Tfie  supersonii.  unstalled  flutter  boundary  imposes 
an  inifxjrtant  higti  spc>ed  operating  limit.  Herent 
tests  have  shown  that  the  blade  flutter  mode  during 
this  tytie.  of  flutter  can  be  either  tJi'xJomirtantly 
torsional  or  consist  of  a large  vibrational  deformation 
of  the  blade  camber  line  (chordwise  bending  mode), 
aill  jtno^er  type  of  supersonic  torsional  flutter, 
'Profetior  of  Aeronsutici,  Navgl  Postgraduate  School, 
Monterey,  CA  93940 


Typtesof  Fan/Compressor  Flutter  (66) 


designated  A-lOO  flutter,  was  recently  identified, 
it  occurred  only  above  a threshold  Irjvel  t'ressure 
ratio.  Two  additional  flutter  boundaiies  may  be 
encountered  during  operation  near  surge  suirersonic 
stall  fluttei  and  subsononic  stall  flutter  The  latter 
phenomenon  has  plagucHf  the  engine  industry  for 
many  years  but  is  outside  the  smpe  of  this  iiaper. 
Supersonic  stall  flutter,  however,  is  still  largely 
unexpktred  due  to  the  c'noimously  romplox  nature 
of  separatrxf  su(iursonic  flow  through  trattsonic 
rotors 

Subsepueni  seilions  i>l  tt  is  leview  are  limited  to  a 
disriission  of  t'ansonic  choki  flutter  and  super 
sonic  unstalled  tiuttei  I he  iriteresled  reader  is  le 
ferred  to  recent  reviews  by  Sisto  [651 , ITeetei  160)  , 
and  Plat/er  (68)  for  discussions  of  other  aeioelastic 
problems  in  turbomachines 


II 


AERODYNAMIC  THEORY 


FLOW  MODELS 


It  has  been  pointed  out  [1]  that  considerable  sim- 
plifications are  required  in  order  to  make  the  problem 
of  transonic  blade  flutter  mathematically  tractable. 
To  this  end,  viscous  flow  effects  are  usually  ignored 
at  the  outset,  and  the  analysis  is  based  on  Euler 
equations  or  some  suitable  approximation  of  them. 
The  fully  linearized  approximation  has  been  the 
most  widely  used,  but  attempts  have  recently  been 
made  to  include  nonlinear  flow  effects. 

Linear  analysis  assumes  that  the  major  effects  are 
described  by  small  perturbations  of  a uniform  flow 
of  velocity  U in  the  x direction.  Therefore,  the  well- 
known  linearized  unsteady  potential  equation  for 
the  velocity  potential  ifi  can  be  used. 


In  equation  (1)  c represents  the  constant  velocity  of 
sound  of  the  uniform  flow.  Solution  methods  for 
this  equation  have  been  well  developed  and  docu- 
mented [2,  3,  71].  Unfortunately,  equation  (1) 
is  only  conditionally  valid  for  describing  wave  prop- 
agation phenomena  in  flows  with  mixed  subsonic/ 
supersonic  flow  regions.  As  has  been  shown  [4,  5] 
the  propagation  must  occur  at  sufficiently  high 
frequency  for  equation  (1)  to  be  valid,  or  more 
precisely 

k»|1  - M^l 

M[_  is  the  local  Mach  number  and  k the  reduced 
frequency. 

In  nonlinear  analyses  nonlinear  flow  effects  can  be 
incorporated  by  basing  the  analysis  either  on  the 
transonic  small  perturbation  equation  [5] 

, M^ 

(1  - M - (Y  + 1 ) -77-  fxx  fVy 

(2) 

1 M 

■■J  '^t-2  — y»xt  = o 

the  full  potential  flow  equation  [5] , or  the  Euler 
equations. 


The  analysis  of  three-dimensional  unsteady  flow 
through  a transonic  multi  stage  machine  is  still 
prohibitively  complex.  Various  simplifying  assump- 
tions are  made  so  that  the  problem  is  amenable  to 
a mathematical  solution. 

The  most  simple  and  widely  used  model  - the  cas- 
cade flow  model  - is  obtained  by  unwrapping  an 
annulus  of  differential  radial  height  from  the  flow 
passage  of  an  axial-flow  turbomachine.  Only  one 
cascade  is  usually  considered  because  of  the  com- 
plicated interactions  between  neighboring  blade 
rows.  As  has  been  pointed  out  [1]  the  case  of  super- 
sonic cascade  flow  requires  further  differentiation 
depending  on  the  axial  through-flow  Mach  number, 
which  can  be  either  subsonic  (causing  propagation 
of  the  disturbances  upstream  of  the  blade  leading 
edges),  moderately  supersonic  (causing  interactions 
only  between  the  reference  blade  and  its  adjacent 
blades),  or  highly  supersonic  (causing  no  interactions 
between  neighboring  blades). 

Three-dimensional  flow  models  have  recently  been 
introduced:  examples  include  the  flow  past  a vi- 
brating blade  row  of  finite  blade  height  situated 
between  end  plates  and  the  flow  past  an  annular 
blade  row  with  a finite  number  of  vibrating  blades 
rotating  at  a constant  angular  velocity  in  an  infinitely 
long  cylindrical  duct. 

ANALYSIS  OF  SUPERSONIC  FLOW  PAST 
OSCILLATING  CASCADES 

Interest  in  the  analysis  of  unsteady  supersonic  cas- 
cade flows  was  stimulated  by  the  need  to  understand 
supersonic  wind  tunnel  interference  effects  (1] . The 
two  problems  are  closely  related  because  an  oscil- 
lating airfoil  situated  between  two  solid  wind  tunnel 
walls  is  equivalent  to  an  unstaggered  cascade  whose 
blades  are  oscillating  in  counterphase.  Using  equation 
(1),  Miles  [6]  obtained  a complete  solution  by 
Laplace  transform  methods. 

This  work  was  extended  [7-10]  to  staggered  cas- 
cades with  supersonic  leading-edge  locus  (supersonic 
axial  velocity).  Equation  (1)  was  again  used  with 
various  solution  methods. 
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Analysis  ot  the  more  practical  but  more  difficult 
case  of  supersonic  flow  past  staggered  vibrating 
cascades  with  a subsonic  leading-edge  locus  (sub- 
sonic axial  velocity)  began  only  recently.  The  dis- 
turbances are  able  to  propagate  upstream  of  the  blade 
leading  edges,  thus  producing  a more  complex  blade 
interaction  phenomenon.  The  first  treatment  seems 
to  have  been  that  of  Gorelov  [11],  who  used  colloca- 
tion methods.  Solutions  for  semi-infinite  cascades 
were  published  almost  simultaneously  in  the  U.S. 
by  Verdon  (12),  Brix  and  Platzer  [13],  and  Naga- 
shirna  and  Whitehead  [14].  The  approach  assumes 
a first  blade;  sufficient  additional  blades  are  con- 
sidered until  convergence  toward  a periodic  solu- 
tion is  achieved  Linearized  theory  restricts  the 
analysis  to  flat-plate  cascades:  complete  solutions 
were  obtained  using  different  approaches;  i.e.,  finite 
difference  [12] , characteristics  [13] , and  singularity 
methods  [14] . 

The  case  of  an  infinite  cascade  oscillating  at  low 
frequency  was  first  considered  at  about  the  same 
time  by  Kurosaka  [15]  He  succeeded  in  enforcing 
the  periodicity  condition  explicitly  and  obtained 
an  analytical  solution  using  Laplace  transform  meth- 
ods. Other  solutions  for  vibrating  flat-plate  cascades 
with  subsonic  leading-edge  locus  have  been  pub- 
lished [16-23].  Adamczyk  and  Goldstein  [23] 
approached  this  problem  in  several  new  ways,  the 
time  marching  technique  [16],  the  Wiener-Hopf 
technique  [22,  23] , and  formulations  in  terms 
of  two  boundary  value  problems  solved  successively 
and  represented  by  infinite  series  expressions  [20, 
211.  Comparisons  of  the  various  methods  indicate 
substantial  agreement,  but  additional  systematic 
evaluations  will  be  required  for  a definitive  assess- 
ment. 

The  differences  between  semi-infinite  and  infinite 
cascade  analyses  have  recently  been  studied  [24]. 
An  elementary  approach  was  used  to  develop  analy 
tical  solutions  for  slowly  oscillating  semi-infinite  and 
infinite  cascades  The  resonance  phenomenon  in 
supersonic  cascades  was  first  pointed  out  by  Samoy 
lovich  [251 . The  computation  of  the  aerodynamic 
forces  in  the  super  resonant  regime  has  recently 
be<;n  discussed  in  some  detail  [21  ] . 

All  of  the  above  analyses  are  based  on  linearized  flow 
theory  and  hence  are  restricted  to  flat-plate  cas- 
cades The  effects  of  blade  thickness  and  loading 


on  supersonic  blade  flutter  are  still  unresolved. 
However,  work  on  two  approaches  has  recently 
begun.  One  analysis  has  been  based  on  the  nonlinear 
transonic  small  disturbance  equation  and  the  steady 
flow  field  computed  by  a nonlinear  characteristics 
method  upon  which  the  oscillatory  flow  field  was 
superimposed  as  a linear  perturbation  [24].  Pre- 
liminary results  indicate  that  flutter  is  significantly 
dependent  on  blade  thickness,  especially  at  lower 
frequencies.  Kurosaka  [26]  used  the  complete  non- 
linear potential  equation  as  the  governing  equation 
and  applied  the  method  of  strained  coordinates. 
Results  for  the  cascade  are  as  yet  unpublished,  but 
the  solution  for  the  oscillating  single  airfoil  has  been 
published  [27].  Such  methods  as  the  time-marching 
method  are  also  applicable  to  the  analysis  of  thick- 
ness and  loading  effects,  but  apparently  no  results 
have  been  published. 


ANALYSIS  OF  TRANSONIC  FLOW  PAST 
OSCILLATING  CASCADES 

The  prediction  of  transonic  cascade  flows  is  ham- 
pered by  the  difficulties  involved  in  computing  mixed 
subsonic/supersonic  flows.  The  problems  have  re- 
cently been  reviewed  in  a workshop  on  transonic 
flow  problems  in  turbomachinery  [28] . At  present, 
only  a few  rather  simplified  oscillatory  cascade  flow 
solutions  have  been  published  although  several  re- 
cently developed  methods  are  potentially  able  to 
provide  much  better  approximations  of  the  actual 
flow.  Hamamoto  [29]  gave  a solution  for  sonic 
flow  past  unstaggered  flat-plate  cascades  oscillating 
at  zero  interblade  phase  angle  He  applied  Fourier 
transform  methods  to  the  linearized  transonic  small 
disturbance  equation. 

An  extension  of  this  analysis  to  arbitrary  interblade 
phase  angles  and  to  cascades  with  finite  blade  thick- 
ness on  the  basis  of  Oswatitsch's  parabolic  approxi- 
mation [30] , as  well  as  an  investigation  of  other 
solution  techniques,  such  as  Laplace  transform  and 
collocation  techniques,  hiS  recently  been  studied 
[31],  This  study  revealed  that  cast.ade  interference 
effects  have  a strongly  destabilizing  influence  on 
torsional  vibrations  for  many  parameter  combina- 
tions. 

The  related  problem  of  sonic  wind  tunnel  interfer 
enai  has  also  been  analyzed  [32]  using  linearized 
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transonic  flow  ifieory  In  the  past  few  years  attempts 
have  also  been  initiated  to  account  for  the  presence 
of  transonic  shocks.  In  the  first  such  study  [331 
transonic  flow  through  a staggered  oscillating  cascade 
was  examined  Normal  shrjcks  were  assumed  in  the 
blade  passarjes.  The  flow  downstream  of  the  shocks 
IS  thus  subsonic;  the  shocks  act  as  reflection  planes 
for  the  disturbances  propagating  throughout  the 
subsonic  flow  region  The  shock  oscillations  were 
determined,  and  it  was  concluded  that  torsional  os- 
cillations are  damped  by  the  shock  waves.  A similar 
flow  mrjdel  was  used  with  the  Wiener-Hopf  technique 

(34)  . The  results  predicted  greater  torsional  stability 
than  the  completely  supersonic  model  but  also  re- 
vealed the  possibility  of  supersonic  bending  flutter. 

The  limitations  of  the  above  approaches  can  be  fully 
assessed  only  by  comparison  with  more  accurate 
procedures.  Computation  of  transonic  flow  past 
a single  oscillating  airfoil  using  the  time  marching 
technique  was  the  first  exact  solution  to  this  problem 

(35)  . As  has  already  been  mentioned,  this  technique 
has  been  applied  to  oscillating  flat-plate  cascades 
(16)  Efforts  are  presently  underway  to  apply 
the  technique  to  oscillating  cascades  with  arbitrary 
blade  shapes;  the  results  will  provide  a valuable 
standard  for  evaluating  more  approximate  but  faster 
procedures.  Among  such  procedures,  the  relaxation 
method  is  promising  although  results  are  apparently 
available  only  for  single  oscillating  airfoils  (36) . 

The  vibration  charaaeristics  of  transonic  turbine 
cascades  have  recently  been  investigated  (37) 
Shock  motion  in  transonic  channel  flows  has  also 
been  studied  138-41)  Asymptotic  expansion  pro- 
cedures were  used  to  study  shock  formation  and 
profiagation  responsrrs  to  small  downstream  pressure 
disturbances  Depending  upon  the  initial  condi 
tions  iniposed,  either  small  or  large  amplitude  shock 
wave  motions  can  occur,  oven  when  the  shock  wave 
travels  upstream  from  the  throat,  disappears,  and 
then  reappears  at  the  throat  Such  behavior  is  similar 
to  the  shock  wave  motions  on  an  airfoil  with  an 
oscillating  fla).  in  transonic  flow  (42);  either  sinu- 
soidal shock  wave  motion,  interrupted  shock  wave 
motion,  or  u(>stream  propagated  shock  wave  motion 
was  observerj  The  aerodynamic  response  can  easily 
induce  blarJe  flutter,  but  no  such  computations  have 
yet  been  performed  based  on  Adamson's  model 
(38  41) 


ANALYSIS  OK  BLADK  ROW  INTKRACTIONS 

Few  analytical  or  computational  studies  have  been 
performed  on  transonic/supersonic  blade  row  inter 
actions  berause  the  flow  phenomena  are  very  coiri 
plex.  Unsteady  supersonic  rotor /stator  interference 
occurs  only  in  machines  with  subsrjnic  axial  throurth 
flow  velocities;  such  interferences  were  apparently 
first  considered  in  1953  (43)  Linearized  unsteady 
flow  theory  was  used  to  study  the  wave  formations 
and  interactions  between  stator  and  rotor,  but  no 
complete  solution  could  be  obtained.  The  analysis 
was  restricted  to  supersonic  absolute  flow 

In  a recent  paper  (44)  subsonic  absolute  flow  out 
of  the  stator  was  considered,  wave  diffractions  and 
reflections  on  the  stator  vanes  were  studied  by 
observing  the  shock  waves  formed  at  the  leading 
edges  of  the  rotor  blades.  It  was  found  that  unsteady 
pressures  were  generated  on  the  vanes  and  that  these 
pressures  can  excite  bending  and  torsional  vibrations 
Schlieren-optical  cascade  investigations  in  a shock 
tube  appeared  to  confirm  the  theoretical  analysis 
Other  experimental  studies  of  blade  row  interactions 
in  high-speed  machines  are  described  below 

ANALYSIS  OK  THRKK-DIMKNSIONAL 
UNSTEADY  KLOW  THROUGH  ROTATING 
ANNULAR  CASCADES 

The  adequacy  of  the  two-dimensional  cascade  flow 
model  can  be  assessed  only  by  comparisons  with 
well-controlled  experiments  in  rotating  test  rigs  or 
by  the  development  of  fully  three-tiimensional  solo 
tions  Work  on  such  solutions  has  beirn  undertaken 
in  recent  years  in  both  France  and  .la()an  The  theo 
retical  model  considered  by  Salaun  |45,  46)  and 
Namba  (47)  consists  of  a single  annular  blade  row 
with  a finite  number  of  blartes  rotalini]  at  a constant 
angular  velocity  in  a cylindnrial  annular  dud  Itie 
blades  are  assumed  to  vibrate  harinonically  at  small 
amplitude,  thus  making  possible  the  lineaii/ation  of 
the  Euler  equations  and  the  continuity  ertuations 
about  the  helical  base  flow.  Lifting  surface  methods 
were  used  to  solve  the  resulting  boundary  value 
problem  for  the  case  of  subsonic  base  flow,  inter 
esting  numerical  results  were  given  According  to 
Namba  (47),  three-dimensional  effects  are  small 
if  the  reduced  frequency  of  vibration  is  well  above 
the  resonance  frequency  of  the  predominant  acousle 
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mode,  but  aerodynamic  damping  decreases  below 
the  level  predicted  by  strip  theory  in  the  subresonant 
regime  The  conclusion  is  that  three-dimensional 
effeas  cause  a reduction  in  flutter  velocity  Equally 
significant  deviations  from  strip  theory  were  found 
by  Salaun  (46) , who  also  obtained  as  yet  unpub 
lished  results  for  supersonic  flow  148) 

FLUTTER  ANALYSIS 

The  flutter  analysis  of  a blade  row  is  considerably 
simplified  by  the  application  of  Lane's  theorem 
[49) , which  permits  consideration  of  a single  equiva- 
lent blade,  thereby  reducing  the  problem  to  that  of 
a wing  flutter  analysis.  Blades  vibrating  only  in 
torsion  can  therefore  be  analysed  in  a short  time  by 
determining  the  aerodynamic  pitch  damping  as  a 
function  of  interblade  phase  angle.  Chordwise  bend- 
ing flutter  and  blades  exhibiting  plate-type  deforma- 
tions in  flutter  require  more  laborious  procedures 
(77)  A detailed  description  of  the  blade  flutter 
theory  can  be  found  in  Samoylovich's  text  (71). 

EXPERIMENTAL  STUDIES 

A number  of  experimental  programs  are  currently 
in  progress  or  have  already  been  completed  since 
1975  |1).  The  sup>ersonic  torsional  cascade  flutter 
tests  cortducted  at  the  United  Technologies  Research 
Laboratories  (UTRL)  (1)  have  been  exparxfed  to 
include  chordwise  bending  flutter  tests.  The  pos- 
siblity  that  supersonic  unstalled  flutter  could  involve 
a large  vibrational  deformation  of  the  blade  camber 
line  (chordwise  bending)  was  discovered  on  very 
high-speed  fans  built  of  composite  materials.  Tests 
of  typical  high  speed  fan  blades  in  the  supersonic 
cascade  tunnel  at  UTRL  verified  the  existence  of 
supersonic  unstalled  flutter.  Linearized  aerodynamic 
theory  as  stated  in  equation  (1)  could  predia  basic 
trends  although  important  quantitative  differences 
remained  unresolved  (53) . 

Complete  understanding  of  the  flutter  phenomenon 
requires  knowledge  of  unsteady  blade  pressure  dis- 
tributions. The  purpose  of  a comprehensive  mea- 
suring program  now  underway  at  Detroit  Diesel 
Allison  is  to  determine  the  pressure  distributions 
and  their  phase  relations  to  blade  motion.  The  tests 
are  performed  in  the  Allison  supersonic  cascade 


tunnel  using  electromagnetically  driven  blades  and 
Kulite  pressure  transducers.  Projects  comjjleted  to 
date  include  measurements  on  blades  with  diamond 
back  profiles  and  multiple  circular  arc  profiles  (54 
57) . Further  tests  are  planncvj  to  investigate  the 
characteristics  of  high  turning  turbine  cascades 

Unsteady  cascade  testing  is  also  being  carried  out  in 
Europe  and  Japan  At  DFVLR  AVA  Goettinrjen, 
Germany,  Bublitz  (58)  investigated  the  aeroelastic 
characteristics  of  a nine-bladed  highly  cambered 
turbine  cascade  in  the  Mach  range  0 4 to  1 0 During 
transonic  operation  large  pressure  fluauations  and 
dynamic  stresses  were  observed  Lawac/ek  and  Heine 
mann  (59),  also  at  DFVLR  AVA  Goettingen,  mea 
sured  the  Karman  vortex  street  shed  from  a ten 
bladed  turbine  cascade  exposed  to  subsonic,  tran 
sonic,  and  suptersonic  flow.  At  ONERA,  France  a cas 
cade  tunnel  that  permits  subsonic,  transonic,  and 
supersonic  unsteady  cascade  tests  fias  apparently 
been  completed  (60)  Transonic  casi.ade  flutter 
tests  have  also  been  reported  in  the  Russian  litera 
ture  [61 1 , and  recent  surveys  of  current  Russian 
work  on  aeroelasticity  in  turbornachines  have  been 
published  (62-64) . 

A recently  completed  experimental  and  analytical 
study  (67)  demonstrated  transonic  choke  flutter 
for  an  airfoil  free  to  oscillate  in  torsion  about  the 
mid-chord  between  parallel  walls  in  transonic  flow 
This  instability  was  predicted  using  a onedimen- 
sionai  flow  analysis.  The  phenomenon  is  similar  to 
the  well  known  transonic  aileron  buzz,  which  has 
been  investigated  by  Tijdernan  (42) 

Tests  in  annular  cascades  are  simulating  the  unsteady 
aerodynamic  and  aeroelastic  phenomena  that  occur 
in  transonic  turbornachines.  An  annular  cascade 
of  16  blades  permits  testing  at  subsonic  and  super 
sonic  Mach  numbers  up  to  1 .4  (69)  Electromagnetic 
excitation  of  the  blades  is  used,  the  aerodynamic 
moments  due  to  torsional  oscillations  over  a Mach 
number  range  from  0.6  to  1 2 are  measured  Both 
a fixed  and  a rotating  supersonic  annular  cascade 
are  available  at  ONERA  and  have  been  used  (70) 
to  study  the  unsteady  flow  phenomena  and  shock 
motions  caused  by  over-speed  operation  of  a tran 
sonic  compressor.  An  annular  cascade  research  pro- 
gram at  Detroit  Diesel  Allison  (66)  has  been  designed 
to  obtain  subsonic  and  transonic  flutter  boundaries 
in  the  stall  and  choke  flutter  regimes. 
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Another  important  test  |)royrum  recently  coiniiletcri 
at  Detroit  Diesel  Allison  [72]  tonuiiiod  demon 
strating  the  feasibility  of  sialed  model  fluttei  tests, 
the  purpose  was  to  acquire  full  stale  flutter  data  at 
a fraction  of  the  cost  of  full  stale  engine  or  iig  tests 
The  subsonic  stall  flutter  boundaries  of  the  model 
and  rig  were  in  excellent  agtoernent  Unfortunately, 
for  as  yet  unknown  reasons,  a similar  ixjrrelation 
between  the  supersonic  flutter  boumJaries  of  tlie 
full-scale  fan  and  the  model  was  not  obtaituxl 

The  amount  of  detailed  unsteady  aerodynamic  and 
flutter  information  obtained  in  full  scale  engines 
IS,  of  course,  limited  due  to  the  exjrense  and  ujin 
plexity  involved  in  such  tests  althougli  a number  of 
flutter  incidents  have  occurred.  Considerable  pi  ogress 
has  been  made  in  recent  years  in  acquiring  oscillating 
pressure  and  velocity  information  in  rotating  rigs 
and  full-scale  engines  using  high  response  pressure 
transducers  and  non-intrusive  measuring  techniques 
(eg,,  laser-doppler  vclocimetry,  fiolography).  A 
summary  of  the  measurements  in  transonic  turbo 
machines  has  recently  been  assembled  [73]  in  an 
overview  of  the  current  status  of  these  efforts.  It 
suffices,  therefore,  to  refer  only  to  a tew  particularly 
noteworthy  efforts,  such  as  the  blade  row  interac- 
tion studies  of  Arnoldi  [74)  and  Callus  et  al  |7bl 
and  the  laser  measurements  in  a transonic  compres 
sor  obtained  by  Weyer  and  Schodi  [76] . 

SUMMARY  ANU  OUTLOOK 

A number  of  advancements  fiave  occurred  sini.e 
the  last  revic>w  of  transonic  t)lade  flutter  resriarch 
in  1975  (1)  Progress  has  been  made  in  predicting 
supersonic  flow  past  oscillating  flat-plate  cascades 
with  subsonic  leading-ecjge  locus,  but  additional 
systematic  rxjmparisons  of  the  various  approaches 
are  needed  in  order  to  assess  their  reliability  and 
computational  efficiency. 

The  limitations  of  the  flat  plate  cascade  model  are 
now  better  understocxf.  Analyses  of  blade  thick 
ness,  camber,  and  three<Jimensional  flow  effects 
are  underway,  but  no  definitive  results  have  yet 
been  published. 

Transonic  flow  past  oscillating  cascades  has  received 
considerable  attention,  and  simplified  shocked  flrjw 
models  have  been  proposcxJ  and  analyzed.  An  assess 


meiil  ol  the  validity  of  these  models  awaits  fuitlier 
thc'oretical  and  experimental  studies 

Steady  (iiogress  has  also  been  niade  in  a)nduc1ing 
well  controllc-d  and  instrumented  im  asm  omen  ts  in 
cascade  luiinols,  suited  model  test  iigs,  and  full 
scale  machines  These  ex()eriments,  together  with 
tfie  tfieoioiical  apiiioaches,  have  bw|un  to  provide 
a useful  body  ol  information  that  will  serve  as  a 
guide  to  ttie  fluttei  free  design  of  high  performance 
tiansonic  tiiibomachines  However,  mm.h  further 
systematic  theoretical  and  exiieririiental  work  is 
clearly  requin-d  belrire  the  corniilex  aeroelastic 
phenomena  occur  ring  in  tfiese  marrhines  is  sulficiently 
understood  to  provide  reliable  design  information. 
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RtCKNT  moCiRKSS  IN  THR  DYNAMIC  PLASTIC  UKIIAVIOR  OF  STRCCTURKS 

PART  I 


4 


N.  Jones* 


Abstract  - This  two-part  article  reviews  the  literature 
on  the  dynamic  plastic  response  of  structures  pub- 
lished since  1975.  The  review  focuses  on  the  be- 
havior of  such  simple  structural  components  as 
beams,  plates,  and  shells  subjected  to  dynamic  loads 
that  cause  extensive  plastic  flow  of  material. 

Part  I deals  with  recent  work  on  the  behavior  of 
idea!  fiber-reinforced  beams,  higher  modal  response 
of  beams,  the  influence  of  transverse  shear  and 
rotatory  inertia,  approximate  methods  of  analysis, 
rapidly  heated  structures,  fluid-structure  interaction, 
and  dynamic  plastic  buckling.  Part  II  contains  a 
discussion  of  a few  numerical  studies  on  the  dynamic 
plastic  response  of  structures  and  some  miscellaneous 
comments  and  concluding  remarks. 

This  two  part  article  surveys  recent  literature  pub- 
lished rjn  the  inelastic  response  of  such  structural 
members  as  beams,  plates,  atrd  shells  subjected  to 
dynamic  loads  or  sudden  applied  displacements  that 
cause  permanent  displacements  or  structural  damage. 
The  results  of  studies  on  the  inelastic  response  of 
structural  members  are  applicable  in  various  fields  -- 
for  example,  the  development  of  rational  design  pro- 
cedures to  avoid  the  destructive  action  of  earthquakes 
on  buildings,  the  improvement  of  occupant  safety 
during  collisions  of  aircraft,  automobiles,  buses, 
and  trams,  the  collision  protection  of  ships  and 
marine  vehicles  containing  hazardous  cargoes,  es 
tirnations  of  slamming  ,ind  bow  wave  damage  to 
ships  and  other  marine  vehicles,  the  design  of  nuclear 
reactor  tubes  to  withstand  violent  transient  pressure 
pulses,  of  buildings  to  withstand  internal  gaseous 
explosions,  and  of  other  energy  absorbing  systems. 
Bacxground  material  (1)  conr,entrated  on  the  non 
linear  effects  of  finite  displacements  (or  geometric 
changes)  and  the  strain  rate  sensitivity  of  materials. 
In  addition,  Kra)cinovic  (2|  surveyed  the  exaa 
theoretical  solutions  available  on  the  dynamic  in 
elastic  behavior  of  various  rigid  perfectly  plastic 
structures  that  undergo  mfinitesimial  displacements 
Baker  (3)  published  a surwy  on  approximate  tech- 
'Profeuor,  Oapartment  of  Oc«<n  Engineering,  Menechueetti 
Inititute  of  Tecfinology,  Cembridge,  Mattechuietti  02139 


niques  for  estimating  the  plastic  deformation  of 
structures  acted  on  by  impulsive  loads,  and  Rawlings 
[4]  reviewed  a wide  range  of  metal  structures  sub 
jected  to  dynamic  overloads  and  discussed  many 
applications,  particularly  concerning  automobile 
safety. 


IDEAL  FIBEK-KEINEUKCED  BEAMS 

A beam  with  straight  fibers  embeddc*d  in  a matrix 
and  aligned  along  the  axis  is  considered  transversely 
isotropic  when  the  plane  transverse  to  the  fibers  is 
a plane  of  isotropy  This  beam  is  strongly  anisotropic 
if  the  value  of  Young's  modulus  associated  with  axial 
extension  of  the  fibers  is  much  larger  than  the  values 
of  Young's  modulus  in  the  transverse  plane  and  the 
shear  moduli  of  the  matrix.  In  this  circumstance  the 
fibers  (an  be  idealizc*d  as  iriextensible  with  little 
sacrifice  in  accuracy.  The  composite  of  fibers  and 
matrix  is  known  as  an  ideal  fiber  reinforced  beam 
when,  in  addition  to  the  properties  already  men- 
tioned, the  material  is  assumed  to  be  incompressible. 
This  material  idealization  is  a continuum  one  in 
which  no  distinaion  is  made  between  the  botiavior  of 
the  fibers  and  the  response  of  the  matrix.  The  static 
elastic  behavior  of  various  ideal  fiber  reinforced 
beams  has  been  discussed  |bl , and  rnany  simple 
theoretical  solutions  have  been  found 

Spencer  [61  recently  developed  a theoretical  pro- 
cedure for  studying  the  dynamic  plastic  structural 
behavior  of  ideal  fiber  reinforced  (strongly  aniso- 
tropic) beams  He  made  the  assumptions  infinites- 
imal displacements,  neglect  of  material  elasticity, 
and  transverse  wave  propagation  customarily  used 
to  obtain  the  response  of  rigid  plastic  beams  made 
from  an  isotropic  material,  urxfer  certain  circum- 
stances use  of  these  assuminions  leads  to  results  that 
are  in  reasonable  agreement  with  tests  on  exfxtri- 
mental  models  [1).  Sfiencer  (6)  examined  the 
response  of  a beam  of  finite  length  initially  traveling 
with  a velocity  Vq  that  suddenly  struck  a rigid 
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stop.  The  solution  to  this  problem  can  be  trans 
formed  so  as  to  give  the  behavior  of  a beam  sub- 
jected, at  the  midpoint,  to  a constant  velocity  Vq 
that  IS  maintained  for  an  infinite  duration.  In  turn 
this  problem  is  equivalent  to  the  case  of  a beam  of 
finite  length  that  is  struck  by  an  infinite  mass  M 
traveling  witti  a velocity 

Theoretical  solutions  have  been  developed  [7]  for 
the  dynamic  plastic  structural  response  of  various 
ideal  fiber  reinforced  (strongly  anisotropic)  beams 
with  boundary  coriditions  and  external  dynamic  load- 
ings which  are  easily  and  reliably  reproducible  in  a 
laboratory  I he  theoretical  behavior  of  these  beams 
has  also  been  compared  to  the  corresponding  dynam 
ic  response  of  beams  made  from  a rigid  perfectly 
plastic  isotropic  material  In  general  it  appears  that 
the  permanent  transverse  deflections  and  durations 
of  response  of  ideal  fiber  reinforced  beams  loaded 
dynamically  are  less  than  the  corresponding  values 
for  similar  rigid  perfectly  plastic  isotropic  beams. 
These  theoretical  solutions  (6,  7)  were  developed 
for  a rigid  linear  strain  hardening  ideal  fiber  rein- 
forced rnaterial 

Spencer  re  examined  the  beam  problem  he  had 
previously  studied  161  and  presented  a theoretical 
procedure  that  could  be  used  for  a wider  class  of 
strain  hardening  materials  (8]  The  theoretical 
predictions  for  an  ideal  fiber  reinforced  rigid  plastic 
beam  sujtfxjrted  across  a span  of  finite  length  and 
loaded  irripulsively  indicated  that  material  strain 
hardening  exercises  an  important  influence  on  the 
magnitude  of  the  permanent  displacements  and 
the  shape  of  the  final  deformed  profile  [91 . Shaw 
and  Spenrer  (10)  examined  the  behavior  of  var- 
ious beams  strur,k  by  masses,  in  some  cases  simple 
theoretical  results  were  possible  only  for  a linear 
strain  hardening  ideal  fiber  reinforced  material  No 
theoretical  investigations  have  apparently  been 
published  on  the  dynamic  plastic  behavior  of  ideal 
fiber-reinforced  plates  and  shells 

It  IS  evident  from  thecjretical  studies  [7,  9]  that 
the  duration  of  the  resftonse  and  the  permanent 
transverse  displacements  of  irJeal  fiber -reinforced 
beanis  are  significantly  less  than  tfie  corresponding 
quantities  in  "equivalent”  rigid  jierfectly  plastic  iso 
tropic  beams  Thus  it  ajipears  that  the  weight  of 
energy  absrjrhing  systems  made  from  materials 
rharacteri/ed  as  ideal  fiber  reinforced  rigid  plastic 


might  be  considerably  lower  than  that  from  otfier 
materials.  However,  experimental  investigations  will 
be  necessary  to  estaWish  whether  or  not  the  ideal 
fiber-reinforced  material  model  is  valid  for  strongly 
anisotropic  beams  loaded  dynamically  The  cases 
already  examined  (7,  9)  would  be  attractive  for 
experimental  work  because  similar  rigid  plastic 
isotropic  beams  have  been  investigated. 

HIGHER  MODAL  RESPONSE  OF  BEAMS 

Early  interest  in  the  modal  response  of  plastic  struc- 
tures was  associated  with  the  development  of  ap 
proximate  solution  methods,  however,  with  the 
exception  of  a two-mass  discrete  model  [11,  121, 
only  primary  or  fundamental  response  modes  have 
been  examined.  It  is  evident  that  an  infinite  number 
of  plastic  modes  is  possible  in  a continuous  structure, 
as  is  true  with  elastic  structures.  Knowledge  of  these 
mode  shapes  and  the  accelerations  associated  with 
them  could  contribute  to  understanding  the  basic 
properties  of  rigid-plastic  structures  that  deform  in 
the  plastic  range  as  a result  of  dynamic  loading. 
Moreover,  information  concerning  the  excitation  of 
higher  modal  plastic  deformations  might  well  be 
applicable  to  the  development  of  efficient  energy 
absorbing  devices. 

Exact  theoretical  solutions  for  the  first,  second,  and 
third  modal  responses  of  fully  clamped  beams  sub 
jected  to  impulsive  velocities  having  fust,  second,  or 
third  modal  shapes  have  been  presented  (131  . These 
theoretical  predictions  were  compared  to  some 
permanently  deformed  profiles  measured  after  a 
series  of  higher  modal  experimental  tests  on  alurni 
nurn  6061  T6  511  beams.  It  was  cxtncluded  that 
geometric  changes,  or  finite  deflections,  had  a sig 
nificant  influence  on  the  dynamic  response,  in  accord 
with  previous  studies  on  uniformly  loaded  brrams 
[11.  A simple  theoretical  procixlure  (14]  was  used 
to  examine  a first  modal  responsr;  of  a beam  Ttie 
results  confirmed  that  gerjmetric  changes  were 
largely  responsible  for  the  discreiiancy  between 
experimental  results  and  theoretical  prediLtions 
developed  using  an  infinitesimal  tfieory 

Infinitesimal  and  finite  deflection  analysrrs  (131 
were  further  generali/frd  (15)  to  jiredict  any  sym 
metrical  or  antisymmetrical  tnodal  response  ol 
imjjulsively  loaded,  fully  r lanijxid,  rigid,  jierleitly 
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plastic  beams.  The  numerical  elastic-plastic  behavior 
of  fully-clamped  beams  subjected  to  impulsive 
modal  velocity  fields  was  also  examined  [15];  the 
spatial  finite-element  JET  3C  computer  program  was 
used  (16,  17] . It  was  evident  that  results  using  the 
simple  theoretical  rigid-plastic  procedure  [14], 
which  includes  the  influence  of  gemoetric  changes, 
are  in  fairly  good  agreement  with  the  numerical 
elastic-plastic  finite-element  results.  This  further 
confirms  the  accuracy  and  reliability  of  the  general- 
ized theoretical  method,  which  has  also  been  com- 
pared to  some  experimental  results  on  beams  and 
reaangular  plates  [1,18]. 

The  magnitudes  of  the  dimensionless  transverse 
shear  forces  (Q/Qq)  -■  where  Qq  = OqH/  \/~3  , Oq  is 
uniaxial  yield  stress,  and  H is  beam  thickness  - 
have  been  estimated  from  the  bending  moment 
distributions  predicted  by  the  JET  3C  numerical 
elastic-plastic  program  for  the  first  three  modes 
[15].  The  ratio  Q/Qq  increases  with  an  increase 
in  mode  number,  despite  the  fact  that  the  dimen- 
sionless permanent  transverse  displacements  are 
smaller  for  the  higher  modes.  The  largest  numer- 
ical value  of  Q/Qq.  0.35,  is  associated  with  a third 
modal  response.  The  excitation  of  higher  modes 
in  struttures  can  generate  even  larger  transverse 
shear  forces.  Thus,  the  transverse  shear  force  can 
become  large  for  high  modes,  regardless  of  the 
values  of  the  transverse  displacements.  These  ob- 
servations would  appear  to  justify  investigations 
to  establish  the  importance  of  transverse  shear 
forces  on  plastic  yielding  and  to  assess  the  influence 
of  shear  deformations  on  the  higher  modal  response 
of  beams  and  other  structures. 

Although  pure  modal  responses  are  not  likely  to  be 
excited  in  most  practical  problems  uiiless  deliber- 
ately activated  (as  in  a specially  designed  energy 
absorbing  system),  it  is  nevertheless  apparent  that 
the  behavior  of  complex  struaures  loaded  dynaini 
cally  can  involve  complicated  deformation  fields 
having  some  of  the  features  of  higher  modal  re 
sponses. 


I.NFLUENCE  OE  TRANSVERSE 
SHEAR  AND  ROTATORY  INERTIA 

Transverse  shear  forces  can  influence  the  response 
of  dynamically  loaded  rigid-plastic  beams  more  than 


statically  loaded  ones  [1,  19j  Indc-ed.  it  has  be<-ii 
demonstrated  experimentally  [20]  and  shown  then 
retically  [18]  that  shear  failures  (.an  develoii  at  the 
supports  of  uniform  isotropic  beams  loaded  im 
pulsivety  Numerical  results  [151  also  indicate  that 
transverse  shear  forces  can  be  significant  in  beams 
that  undergo  higher  modal  dynamic  responses 
Transverse  shear  forces  also  dominate  the  dynamic 
response  of  strongly  anisotropic  beams  [6  10] 
The  studies  cited  above  involve  beams  loaded  dy 
namically  into  the  (rlastic  range,  but  transverse 
shear  effects  would  also  play  an  important  role  in 
the  dynamic  plastic  response  of  plates  and  shells 

Considerable  uncertainty  apparently  exists  concern- 
ing many  aspects  of  the  precise  role  of  transverse 
shear  forces,  even  for  the  yielding  of  rigid  perfect 
ly  plastic  beams  loaded  statically.  It  has  been  demon 
strated  that  interaction  curves  relating  bending 
moment  M and  transverse  shear  force  Q are  not 
proper  yield  curves;  further  support  for  tins  view- 
point includes  interaction  curves  for  I beams  ttiat  are 
not  convex  [21  ] 

The  role  of  transverse  shear  forces  on  the  plastic 
yielding  of  beams  has  recently  been  examined  [22] 
some  justification  was  given  for  using  convex  yield 
curves  for  I-beams  within  the  setting  of  engineer 
ing  or  classical  beam  theory.  A suitable  compro 
mise  for  l-bearns  between  the  simple  local  (stress 
resultant)  and  more  rigorous  nonlocal  (plane  stress, 
plane  strain)  theories  might  be  achievexj  by  using 
a local  theory  [23]  with  a maximum  tiansverse  shear 
force  based  only  on  the  web  area  It  is  evident  [22] 
that  revised  theoretical  results  123]  now  provide 
an  inscribing  lower  bound  curve  in  the  M/M^  - Q/Q„ 
plane  which,  because  of  its  simplicity,  might  be 
acceptable  for  many  theoretical  studies  on  beams 
Furthermore,  theoretical  prerJictions  [21,  24]  trave 
been  reasonably  approximah-'d  by  a square  yield 
curve  that  tias  also  been  userj  to  solve  various  prob- 
lems in  dynamic  plasticity  [19]  . In  fac.l,  Hodge's  re 
vised  results  [23]  and  a situare  yield  curv;  [rro 
vide  two  sirii()le  nielhods  foi  esstirili.illy  pounding 
the  actual  yield  curve  for  an  I tieain,  a-  shown  in 
[?2] 


A number  of  local  and  nonlocal  theories  give  similar 
curves  in  the  fdr  brsams  with 


T 


rectangular  cross  sections  [221 ; thus  whatever  theory 
is  most  convenient  can  be  used. 

Symonds  [191  examined  the  influence  of  transverse 
shear  forces  on  the  dynamic  plastic  response  of  an 
infinitely  long  beam  struck  by  a mass  traveling  with 
an  initial  velocity  Vp.  He  simplified  the  theoretical 
work  with  a square  curve  relating  the  values  of 
bending  moment  M and  transverse  shear  force  Q 
required  for  plastic  yielding.  More  recently,  Nonaka 

[25]  usiid  a similar  theoretical  procedure  for  a 
beam  simply  supported  across  a span  of  finite  length. 
The  beam  was  subjected  to  a blast  type  loading  - one 
that  had  a peak  value  at  t = 0 and  decreased  mono- 
tonically  with  time  t distributed  uniformly  across 
the  entire  span  He  presented  detailed  theoretical 
results  for  impulsive  loading,  rectangular  pulse 
loading,  and  exponentially  decaying  loading.  In 
general  Nonaka's  observations  lend  further  support 
to  those  of  Symonds,  in  that  transverse  shear  effects 
can  be  irrmortant  for  beams  with  non-compact 
cross  sections,  regardless  of  the  type  of  dynamic 
loading,  and  that  such  shear  effects  are  important 
tor  compatrt  beams  subjected  to  dynamic  pressures 
much  larger  than  the  corresponding  static  plastic 
collapse  pressure  (e  g.,  impulsive  loading). 

No  restrictions  were  placed  on  the  amount  of  shear 
sliding  at  the  stationary  plastic  hinges  which  develop- 
ed  in  the  theoretiral  analyses  [19,  25].  However, 
complete  severance  occurs  when  the  amount  of  sheai 
sliding  equals  the  beam  thickness  [18] . It  isthus  nec- 
essary to  assure  that  tfiis  mode  of  failure  does  not 
control  the  resfwnse  of  a particular  beam  rather  than 
the  theoretical  results  [19,  25] 

The  influenr;e  of  rotatory  inertia  seems  to  have  been 
neglected  in  all  analytical  investigations  on  the  dy 
namic  plastic  response  of  structures.  This  situation 
has  prevailed  despite  many  studies  of  the  role  of 
rotatory  inertia  in  various  dynamic  elastic  problems. 
An  exac;t  theoretical  procedure  that  retained  the 
influrjnce  of  rotatory  inertia  and  transverse  shear 
forces  on  the  dynamic  plastic  behavior  of  beams  has 
been  developerj  [26]  The  behavior  of  a long  beam 
struck  by  a mass  and  the  impulsively  loaded  simply- 
supported  beam  (iroblem  of  Nonaka  [25]  were 
examinrjd  using  a square  yield  criterion. 

The  theoretical  predictions  for  cjjrtain  parameters 

[26]  indicated  that  rotatory  inertia  barely  influences 


the  dynamic  plastic  response  of  a long  wide-flanged 
I-beam  struck  by  a mass.  A greater  effect  was  ob- 
served for  a simply-supported  wide-flanged  I-beam 
loaded  impulsively.  As  expected,  rotatory  inertia 
had  the  most  influence  on  beams  with  rectangular 
cross  sections.  The  largest  reduction  observed  in  the 
maximum  dimensionless  transverse  displacements 
was  approximately  1 1 percent  [26] . It  appeared 
that  the  effect  of  rotatory  inertia  on  the  dynamic 
plastic  response  of  beams  in  sensitive  to  the  kind  of 
boundary  conditions  and  the  type  of  loading. 

The  influence  of  transverse  shear  forces  and  rotatory 
inertia  on  the  dynamic  plastic  response  of  beams  with 
nonlinear  yield  curves  has  been  examined  by  a 
numerical  procedure  [27] . 


APPROXIMATE  METHODS  OF  ANALYSIS 


A previous  review  on  the  dynamic  plastic  respronse 
of  structures  [1]  emphasized  the  influence  of  finite 
deflections,  or  geometric  changes,  arxJ  material 
strain  rate  sensitivity 

Symonds  [28]  observed  that  the  nonhomogeneous 
nature  of  the  strain  rate  sensitive  constitutive  equa- 
tions complicates  theoretical  modal  solutions  and 
bounding  methods.  He  replaced  the  nonhomogeneous 
relations  with  simpler  homogeneous  viscous  expres- 
sions and  found  that  replacing  a rigid  viscoplastic 
constitutive  equation  with  a homogeneous  viscous 
representation  did  simplify  the  theoretical  analyses. 
The  initial  stresses  and  initial  slopes  of  the  dimen- 
sionless stress-strain  rate  provided  the  best  fit  to  the 
nonhomogeneous  exact  and  homogeneous  viscous 
curves  The  homogeneous  matched  viscous  constitu- 
tive relations  constructed  in  this  way  were  then  used 
in  theoretical  work  [29-32] . An  upper  bound  theo 
rem  was  developed  from  the  theorem  of  minimum 
potential  energy  and  used  to  estimate  the  permanent 
displacements  of  strain  rate  sensitive  structures 
loaded  impulsively  [29,  30]  . Extremal  path  concepts 
[33]  were  utilized  to  obtain  well-defined  func- 
tions of  specific  strain  energy  and  specific  com- 
plementary strain  energy  when  the  influence  of 
finite-deflections  was  retained  in  the  basic  equations. 
The  extremal  jraths  for  homogeneous  viscous  rela- 
tions between  stress  and  strain  rate  were  simple  [29] . 
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I ho  [osponsi’  ot  till'  (l/ii.iiiij(,  |iiot)liMn  whs 
to  Itu!  Imtiavioi  ol  the  siiiiie  sIhkIuk!  soI)i(!<  ti‘(J  to 
.1  StillM  loiidinij.  wliiih  ()to()u' os  slrossos  iitld  sIihiiis 
that  follow  ao  oxlronial  [>alli  Whoo  stalii.  loadimj 
was  takoo  as  a '.ooi.ontralod  lotio,  ao  o|)()i  i hoood 

00  Iho  (hs()la(,(!iociu  at  tlnf  satni:  loialpoti  lot  Iho 

dyitami'.  piohlian  c.oold  hi-  looiul  il  the  lol.d 

stiaio  l■ll(.‘rl)y  ol  tin;  statu  (Hohii.-to  was  oi|oal  to  the 
initial  kiMidii  laifaijy  lot  Iho  dyoaniii,  iinjhli-iii  |/.)| 

I Jnloi loiiali’ly , thf  o|i(aii  hound  ihooifin  nM|uiii;s 

1 nowlt;d'|o  of  thn  dnialion  ol  tin;  n.'s()onsi!,  foi  whii.h 
no  ii(|oious  hounds  I'^isi  vylu-n  linilo  l|l.•lll  i.iions  .ind 
iiialiiiial  stiain  i.llc  oIIimI'.  am  mtainod  in  the  haste 
i;()oations  lloy,ii!Via,  thn  ihoonMic.al  on-da  Hons  won- 
not  vary  sonsihy  to  Ihi-  ai.t  ' valiio  of  lh<i  msoonsi- 
duialion,  so  that  iiithoi  lylai  I s tinic  hound  Id'll 
Ol  an  atioioxiinalion  l^")!  ( oul  ho  us<i| 

Iho  u|j|»:i  hound  Ihnumin  was  usid  to  cxaiiiiiM- 
siinoli!  situi  luiiil  inodols  h.win-i  one  oi  two  do'imos 
of  fmi.-doiii  dOl  Ihonoo'-i  disi  lai'-iMi.nl  hounds 
for  till:  om- of  l|l'(■<)oln  ino.liil  v/om  aluHist 
i!i|ual  to  till-  iixaol  inaxiiiiuin  disfilai  "inunis  Ifm 
u|)|ii.‘(  Ijounif  tfii-omni  was  also  usi-d  to  sOxly  .in 
liii()ulsiviily  loadod  full , ooni.li.iinud  h'-.iiii  willi  a 
sandwii.h  moss  SM.Iiun  Ifn  Ifi'-omlK  ,il  onxliiiions 
lot  till-  inaxiiiiuin  o'lOO.'iMinl  ti.insyui-x-  di',|ilai<i 
munis  wum  i.omoamd  I'.'’')]  to  . oimsoondini|  im|«  m 
iiiuiit.il  results  [d‘)|  Ifie  uiip.-i  hound  (iiedir  l ions, 
altfiouijh  acMiiate  at  ifi'-  lower  iini)ul'.e  levels  <iie 
siijnificantly  .ihov  exiieiiininl.il  results  lor  lan|e 
imoulses  th.it  are  rr‘S|)onsit)le  for  inaxiiiiuin  pei 
manent  It.tnsveiso  dis()l.i< cments  i|ma\ei  than  .itioul 
five  heaiii  thieknesses  I he  itieoi.  iii  was  not  used 
for  a ri()ii|  oerfrally  (ilasln  maleii.il,  thus,  it  is  iiol 
known  whelfiei  .loiiioxiniations  tissociated  willi 
i|e'jiiielri',  rhariijes,  siniin  lale  viisitive  lel.itioiis, 
ol  hfitli  ier(uiii!  ref ineiiieiil  to  iin(irove  the  estiniales 
• It  lan)er  nnriulse  I'lvels 

Syinotids  and  f.hoii  [31,  'i'?\  also  exaiinnerl  moilal 
.i(i|)roxiriiatiori  teitinirtues  foi  strain  rate  sensitive 
sirui.tuies  when  tin.  influeiii.e  ol  tinile  defleetions, 
of  f|eoirielrif.  i.fiarii|r!s.  wen  lelainrxl  In  the  tiasif: 
ei|uatioiis  the  mod  il  resnonses  i.orisidenij  aliove 
(sell  llii)ti'ir  Modal  Hes(ionse  ol  Heaiiis)  were  .is 
>oi  rated  y/ilh  strur  lur.il  Jiiofileins  in  whir  fi  external 
fo.Kfini)  was  ii  '.non  jfe  loi  .in  - /.iM  Miuitiiial  m 
s(ioiiv-  tiaviriij  a velonty  n -ilile  with  a liin.-  in.)en<-ri 
deril  shaiie,  i o,,  iiiorjal  lesnony:  However,  tfie 
t In  aomtr  eaillrri  work  thws^  were  Crillert  at  lerinery  incHle  lorim. 


mode  annioxlmalioiis  |.'i1,  'i'J\  followrjrj  rjllier  work 
Idhl  III  that  the  tietiavioi  of  any  rlynamie  (itohlem 
ean  he  afinroxiiiiated  with  a modal  res(Jonse 

II  the  siiiiie  modal  form  remains  valid  tfiroixjtiout 
.III  eiitin;  shorttuidl  ies()onse,  Il  is  said  to  he  a "(ter 
manent"'  modi;  form  solution  On  Itie  otfiet  liand, 
.1  '.ei|neiii.i.  of  mode  form  sololions  mi()lit  be  required 
in  ..i;i  .nil  i lasses  of  lirolilenis,  e i)  , when  (jrxjiiietric 
i.haiii)es  .lie  retained  in  llie  fiasii  eqnalioris  The  initial 
veloeily  field  in  a itieoieiiral  solution  usintj  a mode 
<i|i|i(oximati'in  is  not  tlie  same  as  the  initial  velocity 
rlistrihutiod  nf  llie  ajrres()oniJing  iiufjulslve  loading 
()fot)li;m,  exi.eni  m exceptional  circumstances. 
M.irtin  .iiid  Symonifs  j.dh)  develoned  a i.riterion  for 
ludicioosly  st;ler:tlri()  tfie  magnitude  of  a modal 
vitlor.ily  fiel'i  in  ordei  to  miniml/e  the  ertfjr  due  to 
till-  iJdteienl  inilial  comlltions  More  recently.  Chon 
.ind  M.iilin  jllj  examineil  llie  mode  approximation 
metliod  l.)i  a simple  two  dcH)tee5ot  fieedom  visco 
pl.isli'  hrrani  Uiis  tfirxiretical  work  was  dovr.-loped 
lor  strucliites  tfiiit  unrlerijo  infinitesimal  disitlace- 
menls,  tin-  influence  of  finite  displacements  fias  not 
yel  l)r«;ii  inairporaltxl  in  the  work 

A two  >ir;(|rees  of  fri.-erJijin  tieam  prohleni,  rxtnsisting 
rjl  two  niass<;s  coiinr.-r.led  hy  massless  links  has  hiren 
sluilted  IdO),  a stationary  modi-  solution  was  oh 
hiini.-tl  when  the  end  su()|)orts  were  Ircvi  to  move 
inward.  II  the  sup[)orts  Hvc  re  restrainr.fi  axially, 
huwever,  il  was  necessary  to  iisi;  an  iterative  method 
to  chlain  a sequ“nce  ol  mode  solutions 

I hr;  mode  aiiiitoxim.it  on  proct-dure  has  been  used 
|,)1  I to  examine  a strain  rale  y,-nsitlvc-  fully  clam|«!d 
i.irculai  (ilaie  iiridergoing  large  iransversf;  deflections 
The  iilate  was  assumerl  to  have  a sandwn  h cross 
section  and  to  he  made  of  a homogeneous  viscous 
material  I he  iterative  solution  p.ocedure  required 
live  to  ten  cycles  to  arhieve  no  iiiore  than  a five 
prarent  dilleience  hetwoeii  two  successive  iterations 
ol  the  mirlpoint  velocity  at  a given  time.  This  numeri 
cal  pinri.Juro  was  lepeatixJ  at  about  1 3 time  stops  to 
((eneiale  theoretiral  estimates  lot  the  final  permanent 
liansvc-rso  displacements  |31 ! The  various  apfiroxi 
matioiis  m the  ihtirjrelical  (iiocedure  are  conservative 
in  the  ainse  that  they  should  le.-«J  lo  overestimates 
(.1  the  hansverse  displacements  However,  the  theo 
M't.ial  piedictions  were  below  uit  respond  log  ex 
petimenlal  results  [3/  rj9)  Various  reasons  lor  the 
disMC-iiancy  have  been  suggested  (31).  
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lilt;  intjiJi!  .ipptoximation  technique  has  also  be«n 
ijst!(l  ['SJ\  to  sitKiy  th<!  dyiiatnic  bohaviot  o(  circular 
()l.il(!S  sub)f!(.t(«J  to  axisytriinetric  pressure  pulses 
when  i)i;oitietr  i(  (.hanqris  were  disroyariJed,  i.u., 
iidiiiitesiinal  displacements  Stationary  mode  solu 
lions  existed  only  lor  impulsive  loadings  or  when  the 
shape  ol  the  external  (iressure  distribution  was  the 
same  as  the  modal  sha()e  ol  the  transverse  displace 
merit  lielil 

llurJnei  anil  Symorids  140,  41]  rei;ently  presented 
exiierimenlal  results  ol  a test  (rrogram  conducted 
on  strain  rate  sensitive  Irarnes  and  lully  clarnpec 
I ircular  (dates  subjected  to  impulsive  velocities  that 
((nxJucrxJ  large  jjermanent  displacements  The  ex 
(lerimenial  results  were  coirijrared  |42,  43)  with  theo 
retical  (predictions  ol  the  dis()lacornerit  bound  and 
rnrjde  a()()roximalion  methods  1301  . 

I he  ii()(«!r  bound  theorem  (29  , 30)  and  the  mode 
a()(irrjximation  technique  (31,  32)  were  considerably 
more  dillicull  than  singile,  rigid,  (Perlectly  plastic 
methfxis  and  the  rjom(paratively  simple  procedure 
used  to  assrrss  the  inlluence  ol  Unite  displacements 
(1 , 14]  However,  the  up()or  bound  theorem  and  the 
mode  apiiroximation  technique  are  uselul  in  that 
they  (irovide  some  inlormation  about  certain  leatures 
ol  ttie  structural  res(jonse  that  would  be  much  more 
ex|)ensive  il  a numerical  procedure  were  involved. 
More  im(ioriaritly,  (perhaps,  the  methods  provide 
insight  into  some  character ist itjs  ol  plastic  structural 
'lynamii.s. 

I'lor.h  and  Wier/bicki  (44)  rponstruded  an  alternative 
therprern  lor  obtaining  up()er  bounds  on  the  perma 
nerit  dis(p|acements  ol  impulsively  loaded  rigid 
(piirlectly  (ilastic  strur.tures  with  large  displacements. 
I til!  theorem  (predicted  reasrpnable  values  lor  the 
maxiiniirn  (lermanrint  trarisversi!  displacements  ol  a 
lully  i;lam(ii!il  beairi  sipbjei;lcvl  to  a unilormly  dis- 
Iributcvl  inifpi/lsive  velipcily  held 

I he  lundamenlal  r.harai  liirislii.s  rpl  dynamic  (Plastic 
mode  solutions  lor  slrui.tures  that  undergo  inlinites 
iriial  dis()laci!merils  have  been  examined  Irorn  a 
variational  view(ioint  (49  471  trkhov  (49)  studied 
the  dynaniii  (plastic  behavior  rpl  a simply  sup(Ported 
rirjid  (lerlei.tly  plastic  shallow  tap  subjecied  to  a 
unilormly  'listrihutetl  pressure  with  a rer.langular 
(pic’ssure  limi!  histrpry  f rkhov's  theoretit,al  results 
Itpr  the  (lermantfrit  dis(placr!rnent  (prolile  lor  inter 


mediate  pressures  wore  identical  to  the  theoretical 
solution  (48)  except  lor  a difference  in  the  static 
colla(Pse  pressures,  the  difference  is  related  to  the  use 
of  different  yield  criteria.  A two<legrees  of  freedom 
system  (46)  and  a simply  supfPortod  circular  plate 
(47)  have  also  been  examined 

Wier/bicki  (49)  developed  a simplified  strain-rate 
sensitive  constitutive  relation  and  demonstrated  that 
an  eigenfunction  expansion  method  could  be  em- 
ployed to  examine  the  dynamic  behavior  of  plastic 
continua  when  the  displacements  remained  infinites 
irnal. 

Maier  and  Corradi  [bO]  derived  an  upper  bound 
theorem  for  the  dynamic  infinitesimal  displacements 
of  elastic-plastic  continua  using  the  principle  of 
virtual  work  and  Drucker's  stability  postulate.  The 
final  form  of  this  theorem  contains  quantities  that 
are  either  known  when  motion  begins  or  are  related 
to  a solution  of  the  same  dynamic  problem  con- 
sidered wholly  elastic, 

RAPIDLV  HEATED  STRUCTURES 

Large  neutron  pulses  can  cause  a temperature  gra- 
dient to  develop  through  the  thickness  of  a structure 
made  from  a fissionable  material.  This  temperature 
gradient  can  cause  curvature  changes  in  such  struc- 
tural members  as  beams,  plates  and  shells  as  well 
as  other  effects.  The  structural  response  is  governed 
by  dynamics  equations  when  these  curvature  changes 
develop  in  a sufficiently  short  time.  The  dynamic 
structural  response  can  thus  be  estimated  with 
rigid -plastic  arialytical  methods  when  the  temperature 
accelerations  are  sufficiently  large 

Parkes  (61)  examined  the  dynamic  infinitesimal 
displacement  response  of  a free  rigid-plastic  beam 
subjected  to  a time-dependent  and  spatially-inde 
(lendenl  thermal  curvature  (Xf)  eThe  behavior  of  the 
beam  de(iended  on  the  speed  of  heating  (or  Xj). 
A free  beam  remained  rigid  * lor  sufficiently  small 
values  ol  x-j,  at  higher  values  a discrete  plastic  hinge 
developed  and  became  an  expanding  and  rxjntracting 
plastic  hinge  (/one)  at  still  larger  values  of  x^. 

The  behavior  of  a free  beam  having  a temperature- 
inde(>endent  plastic  rnornent  and  subjected  to  an 


Till!  b<!«m  ilnlormt  tlu*  to  lh«  tharnn«l  curvature  X-f,  but  the  atarrciated  maximum  banrJing  moment  ii  laii  than  the  fully  plastic 
li**ruliny  rnornffni 


26 


Xp  with  a sinusoidal^  temporal  form  [51)  is  com- 
plicattid  For  example,  the  earliest  dynamic  response 
associated  with  a large  value  of  xj  is  a rigid  phase; 
this  is  followed  by  a phase  with  a positive  central 
plastic  hinge.  An  expanding  positive  plastic  hinge 
(/one)  then  develops,  followed  by  three  additional 
phases  a positive  central  plastic  hinge,  a contracting 
plastic  hinge,  and  a negative  central  plastic  hinge. 
Finally,  a rigid  phase  develops  before  motion  ceases. 
The  sequence  of  events  depends  on  the  magnitude  of 
Xy  and  is  undoubtedly  also  a function  of  the  form  of 
X^  The  latter  has  not  yet  been  explored,  however. 

In  a more  recent  publication,  Parkes  [52]  examined 
the  dynamic  rigid-plastic  behavior  of  a rapidly  heated 
cantilever  beam  subjected  to  the  form  of  xj  con- 
sidered before  [51)  The  exact  theoretical  solution 
was  complicated,  even  though  the  displacements 
remained  infinitesimal  and  the  plastic  moment  was 
temperature  independent.  Parkes  [52)  found  that 
the  approximate  theoretical  analysis  of  a so-called 
strong  beam  --  having  all  deformation  restricted  in 
a hinge  at  the  root  of  a cantilever  - was  much  sim- 
pler. In  addition,  the  analysis  predicted  surprisingly 
accurate  values  for  the  final  displacements  after  the 
relief  of  the  thermal  curvature. 

Wisniewski  [53)  examined  the  dynamic  structural 
behavior  of  an  aluminum  6061  T6  reaangular  plate 
subiected  to  an  X ray  deposition.  When  the  entire 
surface  of  the  plate  exposed  to  the  X-ray  deposition 
IS  heated  almost  simultaneously  to  high  temperatures, 
some  of  the  material  melts  and  blows  off.  The  blow- 
off  creates  an  impulsive  Irjad,  which  creates  a stress 
wave  that  propagates  through  the  plate  toward  the 
rear  surface.  Simultaneously,  the  material  below  the 
exposed  surfaa;  is  heated,  inducing  a compressive 
stress  wave  that  is  refleaed  as  a rarefaction  tensile 
wave  from  the  rear  surface.  The  prjssibliity  of  spalling 
for  sufficiently  large  stresses  should  therefore  be  con- 
sidered in  such  studies. 

Wisniewski  [53)  simplified  the  problem  described 
abrjve  and  used  an  available  computer  program  to 
predict  the  behavior  of  the  material  during  the  first 
few  microseconds  of  the  response.  Tfie  numerical 
preifictions  were  used  to  generate  the  input  for  an 
elastic  plastic  finite-difference  scheme  [54)  for 
predicting  the  structural  response,  the  duration  of 
which  is  in  milliseconds  [1 ) 


FLUID-STRUCTURE  INTERACTION 

In  a recent  review  [55)  Krajcinovic  distinguished 
between  steady  state  and  transient  behavior  of 
struaures  interacting  with  a fluid  and  discussed 
the  general  features  of  transient  interaction  problems 
involving  constant  and  variable  wetted  surfaces. 
The  theoretical  behavior  of  a transient  interaction 
problem  is  simplified  considerably  when  the  struc- 
tural material  is  idealized  as  rigid-plastic.  The  theo- 
retical predictions  of  such  analyses  are  useful  when 
the  ultimate  performance  of  a structure  is  of  primary 
concern,  provided  the  usual  restrictions  associated 
with  such  an  approximation  are  satisfied  [1-4,  55). 

Krajcinovic  [56)  examined  the  dynamic  response 
of  a simply-supported  rigid-plastic  beam  resting  on 
a semi-infinite  pool  of  incompressible,  irrotational, 
and  inviscid  fluid.  The  governing  equations  were 
formulated  for  a beam  subjected  to  a time-depen- 
dent external  pressure  that  caused  infinitesimal 
transverse  displacements.  Evaluation  of  the  fluid 
back  pressure  and  the  virtual  mass  associated  with 
a simple  triangular  deformation  mode  for  the  beam 
without  any  traveling  hinges  was  the  most  difficult 
task.  Krajcinovic  also  examined  a simply-supported 
beam  subjected  to  a uniformly  distributed  pressure 
and  found  that  a single  mode  transverse  deformation 
profile  was  valid  so  long  as  the  magnitude  of  the 
external  dynamic  pressure  was  less  than  about  three 
times  the  corresponding  static  collapse  pressure  [56] . 
The  permanent  transverse  displacements  were  less 
than  those  that  would  be  obtained  in  vacuo 

Krajcinovic  [57)  also  examined  the  dynamic  be- 
havior of  a simply -supported,  circular,  rigid,  per 
fectly  plastic  plate  resting  on  a potential  fluid  The 
response  due  to  a uniformly  distributed  externa' 
pressure  with  a rectangular  shaped  pressure  time 
history  was  obtained  for  a conical  transverse  dis 
placement  profile,  A conical  displacement  profile 
could  be  used  for  external  pressure  pulses  with 
magnitudes  up  to  sornewhat  more  than  twice^  the 
corresponding  static  collapsr;  pressure  The  theo 
retical  predictions  for  the  impulsive  velocity  loading 
case  were  also  presenter]  [57)  However,  these 
results  are  of  doubtful  validity  until  it  has  been 
establishrx]  that  a statically  admissible  generalized 
stress  field  can  be  a.>$rjciatud  with  a conical  dis 
placement  profile  It  is  unlikely  that  the  association 
can  be  established,  however,  because  it  is  known 
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This  form  it  chartcterittic  of  neutron  heating  in  a pultad  reactor 

^ Equation  60  [57)  gives  a ratio  of  2 when  in  vacuo  arxJ  2.346  for  a steel  plate  with  a radius  to  thickness  ratio  of  25  resting 
on  water 
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that  traveling  plastic  hinges  develop  during  the 
response  of  the  same  problem  in  vacuo. 
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From  the  work  reporteo  Ib6,  57],  it  can  be  con- 
cluded that  external  dynamic  pressures  must  be 
low  only  a few  times  larger  than  corresponding 
static  collapse  pressures  - because  larger  external 
pressures  would  probably  give  rise  to  traveling  plastic 
hinges  that  would  complicate  the  calculation  of  tfie 
fluid  back  pressure  and  virtual  mass. 

The  nonlinear  influence  of  finite  transverse  displace- 
ments, or  geometric  changes,  would  have  an  impor- 
tant effecn  on  the  response  when  maximum  per 
manent  transverse  displacements  excecsjerf  the 
corresponding  structural  thickness.  These  effects 
have  been  discussed  11,  14]  for  beams  and  plates 
in  vacuo  and  exposed  to  dynamic  loads  on  one 
surface.  Theoretical  results  [58]  illustrate  the  im- 
portant strengthening  influence  of  membrane  forces 
that  developed  in  a simply-supported  circular  plate 
subjected  to  a static  pressure  distributed  over  the 
entire  surface  of  one  side  and  another  static  pressure 
distributed  within  a circular  region  on  the  opposite 
surface 


ity  (including  unloading),  material  strain  hardening, 
and  material  strain  rate  sensitivity  One  interesting 
conclusion  was  tfiat  a significant  error  is  assrjciated 
with  the  linearization  of  the  strain  rate  sensitive 
relations. 

Tfiooretical  solutions  [56,  57,  59]  have  been  devel 
oped  for  structures  witfi  one  side  dynamically  loaded 
and  the  other  side  in  contact  with  a fluid;  an  example 
would  be  an  internal  explosion  in  the  hull  of  a ship. 
Structures  are  sometimes  subjected  to  a disturbance 
tfial  travels  through  a fluid  from  a distant  source; 
for  example,  external  explosion  acting  ori  the  hull 
of  a ship  [60] . Other  types  of  practical  problems 
might  involve  the  impact  of  a structure  on  a fluid, 
as  the  slamming  of  ships  and  marine  vehicles,  or  the 
impact  of  a fluid  on  a structure,  as  the  water  wave 
impact  on  a barrier  or  offshore  platform.  Simple 
rigid-plastic  methods  developed  [6163]  to  estimate 
the  damage  sustained  by  shijrs  and  marine  vehicles 
from  severe  slamming  and  bow  impacts  were  in 
surprisingly  good  agreement  with  experimental 
results.  Tfie  theoretical  rnetfiods  could  be  developed 
further  to  examine  other  problems. 


Thc-oretical  solutions  [56,  57]  have  been  simplified 
by  neglecting  the  generation  of  waves  on  the  surface 
of  the  fluid  However,  in  a practical  beam  or  plate 
problem  involving  a single  mode  transverse  defor- 
mation profile,  it  is  inevitable  that  waves  would  be 
geirerated  on  the  fluid  surface  outside  the  supports 
wfien  the  fluid  is  assumed  incompressible.  Never- 
theless, it  is  possible  to  retain  the  incompressibility 
assumption  without  generating  surface  waves  by 
using  more  complex  transverse  displacement  fields; 
eg,,  a modification  of  the  third  modal  velocity  fields 
[13,  15] 

Duffey  [59]  examined  the  transient  response  of 
visco  plastic  spherical  shells  submerged  in  a fluid. 
The  inner  surface  of  a shell  was  subjected  to  a spheri- 
cally symmetric  impulsive  velocity  that  produced 
a spherically  symmetric  structural  response.  Dulfey 
considered  the  inviscid  fluid  to  be  compressible  and 
usrxj  the  classir.al  wave  equation  to  evaluate  the 
fluid  pressure  The  thickness  of  the  shell  was  assumed 
to  tre  sufficiently  thin  so  that  the  material  in  the 
rrntire  shell  could  pa.ss  simultaneously  from  an  elastic 
to  a plastic  state.  With  these  simplifications,  Duffey 
was  able  to  examine  the  influence  of  material  elastic- 


DYNAMIC  PLASTIC  BUCKLING 

The  work  described  in  the  prttvious  sections  has  to 
do  with  the  inelastic  behavior  of  structures  that 
have  a stable  response  when  subjficted  to  dynamic 
loads.  However,  dynamic  plastic  buckling,  or  unstable 
behavior  --  which  is  characterized  by  wrinkling, 
as  in  static  buckling  ■ can  occur  when  arrtain  struc- 
tures are  acted  on  by  large  external  loads. 

A brief  literature  review  of  the  dynamic  jilastic 
buckling  of  rods,  flat  plates,  cylindrical  shells,  and 
spherical  shells  has  been  presentrrd  [1],  It  would 
appear  that  the  dynamic  plastic  instability  of  all 
structural  problems  investigated  thus  far  occurs  as 
a result  of  the  growth  of  small  imperfections  in  other 
wise  uniform  initial  displacement  and  velocity  fields. 
Unlike  classical  static  buckling  analyses,  no  distinct 
value  of  the  dynamic  load  that  causes  structural 
instability  is  (iredictod  by  theoretical  analyses 
Hather,  the  results  obtained  indicate  the  way  in 
which  the  disjilacernent  profile  of  a structure  in 
creases  with  time  for  different  dynamic  load  levfris 
Buckling  is  said  trj  occur  when  the  dynamic  load 
reaches  a threshold,  or  critical,  value,  this  value 
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IS  associateij  with  the  minimum  unacceptable  or 
maximum  acceptable  deformation,  the  magnitude 
of  which  Is  defined  arbitrarily. 

Ttie  dynamic  plastic  buckling  of  a cylindrical  shell 
made  from  a rigid  linear  strain-hardening  material 
and  subjected  to  a uniformly  distributed,  alrnost 
axisymrnetric,  external  impulsive  velocity  field  has 
been  examined  (64]  An  especially  simple  solution 
for  an  infinitely  long  cylindrical  shell  allowed  various 
characteristics  of  the  response  to  be  examinecTanalyt- 
ically.  For  example,  the  dynamic  plastic  buckling 
of  a long  cylindrical  shell  was  more  sensitive  to  initial 
imjaerfections  in  the  profile  than  to  imperfections 
in  the  initial  velocity  field.  This  is  fortuitous  because 
it  is  usually  easier  to  control  imperfections  in  the 
initial  shape  than  imperfections  in  the  initial  velocity 
field.  Moreover,  the  greatest  amount  of  scatter  might 
be  expected  in  the  experimental  critical  mode  num- 
bers of  long  cylindrical  shells  with  large  radius  to 
thickness  ratios  and/or  small  values  of  the  material 
parameter  , the  ratio  of  tangent  modulus  to  aver 
age  flow  stress  [64] . Furthermore,  local  elastic 
unloading  is  more  likely  to  occur  for  shells  with  the 
larger  radius  to  thickness  ratios  and/or  smaller  values 
of  the  material  parameter 164) 

The  theoretical  predictions  for  the  dominant  be 
havior,  critical  mode  numbers,  and  threshold  impulses 
from  all  known  previous  studies  on  the  dynamic 
plastic  buckling  of  cylindrical  shells  and  rings  sub- 
jected to  external  impulsive  velocities  have  been 
summarized  (64) . In  addition,  experimental  results 
were  presented  from  a test  program  on  hot-rolled 
mild  steel  and  aluminum  6061  T6  rings  subjected 
to  axisymmetric  external  impulsive  velocity  fields. 
The  experimental  values  were  compared  with  all 
known  experimental  results  and  with  theoretir,al 
predictions  for  the  dynamic  plastic  buckling  of  rings 
and  cylindrical  shells.  The  various  theoretical  pre 
dictions  were  widely  divergent:  some  were  in  good 
agreement  with  corresponding  experimental  values, 
but  others  were  not. 

Simple  theoretical  predictions  for  the  permanent  ra- 
dial displacements  of  rigid  perfectly  plastic  rings  sub- 
jeaed  to  an  axisymmetric  velocity  field  (equations 
(28)  and  (33)  in  [64] ) generally  agree  reasonably  well 
with  the  permanent  average  radial  displacement  re- 
corded in  the  experimental  tests,  provided  any  mate- 
rial strain  rate  sensitivity  is  accounted  for,  as  has  been 


suggested  165)  and  demonstrated  for  shells  [66) . 

The  critical  mode  numbers  observed  during  tests 
have  been  compared  [64)  with  the  results  of  all 
known  relevant  experimental  investigations  The 
results  were  reasonably  consistent,  notwithstanding 
the  differences  in  yield  stresses  of  the  materials, 
experimental  techniques,  and  the  fact  that  the 
buckled  profiles  of  cylindrical  shells  and  rings  are 
irregular.  The  experimental  critical  mode  numbers 
typically  increase  with  an  increase  in  the  length  to 
radius  ratio  and  with  an  increase  in  the  radius  to 
thickness  ratio. 

Experimental  results  (64)  indicated  that  the  esti- 
mated threshold  impulses  [67]  (equation  (49)  in 
[64) ) assures  that  permanent  wrinkles  in  the  deform 
ed  profiles  of  the  rings  will  remain  small.  However, 
experimental  results  164)  demonstrated  that  the  ratio 
of  wrinkle  (buckle)  amplitude  to  average  permanent 
radial  displacement  decreases  as  the  impulse  rnagni 
tude  increases. 

The  manner  in  which  initial  geometric  imperfections 
of  the  rings  influences  the  wrinkle  amplitude  has 
been  explored  (64) . 

The  general  features  of  iso-damage  curves  in  a dimen- 
sionless peak  load-impulse  space  have  been  discussed 
[68] . Such  curves  were  convenient  for  representing 
theoretical  predictions  and  experimental  results 
on  the  dynamic  response  of  various  structures  sub- 
jected to  pulse  loads  (as  distinct  from  oscillatory 
loads).  Moreover,  an  iso-damage  curve  for  the  dy- 
namic buckling  of  a simply-supported  cylindrical 
shell  under  uniform  lateral  pulse  loads  is  not  very 
sensitive  to  the  amplification  factor  - that  is,  the 
factor  by  which  initial  imperfections  grow  during 
the  response  - or  to  the  pulse  shape.  Iso-damage 
curves  have  also  been  plotted  (68)  for  the  dynamic 
plastic  response  of  beams  and  circular  plates  sub- 
jected to  the  transverse  dynamic  loads  responsible 
for  stable  behavior  and  infinitesimal  displacements. 
Iso-damage  curves  presented  [62]  for  rectangular 
plates  retained  the  influence  of  finite  transverse 
displacements,  or  geometric  changes 

Florence  and  Abrahamson  (69)  observed  that  the 
stability  of  cylindrical  shells  and  rings  subjected 
to  large  external  impulsive  velocities  improved  during 
deformation  when  the  increase  in  wall  thickness 
was  taken  into  account.  They  defined  a critical 


29 


impulsive  velocity  that  is  associated  with  a specified 
acceptable  amplification  factor.  Impulsive  velocities 
larger  than  the  critical  value  thus  produce  acceptable 
departures  from  the  circularity  of  a cylindrical  shell; 
impulsive  velocities  smaller  than  the  critical  value 
are  responsible  for  unacceptable  damage.  The  general 
trend  of  experimental  results  [64]  indicates  that  the 
ratio  of  the  wrinkle  (buckle)  amplitude  to  the  average 
permanent  radial  displacement  of  a ring  decreases 
as  the  impulse  increases. 

The  governing  equations  for  a ring  made  from  a rigid 
linear  visco-plastic  material  have  been  formulated 
and  used  to  study  the  case  in  which  the  impulsive 
velocity  remains  constant  during  the  collapse  of 
a cylindrical  shell  onto  its  longitudinal  axis  [69] . 
The  governing  equations  were  solved  numerically; 
the  results  indicated  that  linear  visco-plasticity 
drastically  reduced  the  amplification  factors  and  the 
preferred  mode  numbers,  thereby  contributing  to 
the  stability  of  a cylindrical  shell. 

Lee  170]  explored  the  bifurcation  and  uniqueness 
of  elastic-plastic  continua  loaded  dynamically  from 
a fundamental  viewpoint  because  random  initial  im- 
perfections, or  perturbed  motion,  may  be  insufficient 
to  describe  the  dynamic  plastic  buckling  of  some 
structures.  Lee  also  developed  a quasi-bifurcation  cri- 
terion for  the  stability  of  elastic-plastic  continua 
loaded  dynamically  [71] . A quasi-bifurcation  of  mo- 
tion develops  at  a time  t^  when  a nontrivial  perturb- 
ed motion  exists.  No  applications  of  this  theorem 
have  yet  been  published,  but  Lee  claims  to  have  suc- 
cessfully used  it  to  describe  the  dynamic  plastic  buck- 
ling of  rods  subjected  to  axial  loads.  Lee  showed  that 
his  dynamic  quasi-bifurcation  criterion  reduces  to 
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BOOK  REVIEWS 


NUMERICAL  METHODS  IN  FINITE 
ELEMENT  ANALYSIS 
K J Bdtheand  E.L  Wilson 
Prentice  Hall,  Inc,  Englewood  Clifts,  NJ 

Numerous  books  on  finite  element  analysis  have 
appeared  in  the  last  few  years,  this  book  is  one  of 
the  better  ones  Written  by  the  developers  of  SAP 
(Structural  Analysis  Program)  finite  element  com- 
puter programs,  the  book  consists  of  12  chapters 
divided  into  three  sections 

Chapters  I and  M introduce  matrix  methods,  be 
ginning  with  simple  operations  and  progressing  to 
vedor  s()a(.es  and  subspaces,  matrix  represrtntation 
of  lineai  transformations,  and  an  introduction  to 
variational  formulations  I he  cha()ter  (xjncludes  with 
eigenvalue  solutirrns  of  a symmetrical  matrix,  the 
Ray/ergh  quotient,  an-J  veciai  and  matrix  norms. 

Chapters  III  and  IV  contain  a basic  formulation 
of  the  finite  element  method  and  an  introdudion 
to  beam  aru)  plate  (plane-  stress)  elements,  plate 
bending  elements,  and  thre<; dimensional  solid  ele 
ments  A good  discussitjn  of  convergence  require 
ments  leaiJs  trj  a description  of  generalized  rxjordinate 
finite  element  mrxjels  In  the  formulation  of  iso 
parametric  elements,  the  authors  derive  the  basics 
and  proceed  froni  two-rjirnensional  to  more  (X)m 
plir  ated  three  dimensional  elements  Gauss  points 
and  Jacobian  matrices  are  exfilaineii,  as  is  their  role 
in  iso()aramc>tric  relationshgis  The  r:hapter  concludes 
with  numerical  integration  methorJs  used  to  solve 
the  integrals  employed  in  isrjparametric  relations. 
The  revifiwer  would  fiave  liked  to  have  seen  more 
appliralirjns  of  interpolation  formulas  for  the  higher 
order  20  ntxle  sr)li<i  element 

Early  finite  elemirnt  work  involvfrd  variatirjnal  for 
rnulation  I fie  authrxs  rerafiture  this  astxx.t  in  Chap 
ter  V and  show  its  relationship  to  the  Rayleitjh 
Hitz  method  The  chapter  inclixjes  a formulation  of 
heat  transfer  analysis  and  nonr/jnforming  rjisplace 
rnent  based  finite  elements  Other  formulations 


of  finite  elei^ents,  including  hybrid  and  mixed 
models,  are  considered.  It  is  the  reviewer's  opinion 
that  the  Galerkin  variational  approach  should  have 
been  included. 

Chapter  VI  resembles  a manual  on  using  a finite 
element  program.  Lists  for  static  analysis  programs 
and  flow  charts  are  included  as  introduaory  material 
to  more  advanced  sections. 

Chapter  VII  concerns  the  use  of  various  modern 
methods  of  analysis  to  solve  large  problems  The 
Gauss  elimination,  Choleskey  method,  Givens  meth 
od.  Householder's  method,  and  the  Gauss- Seidel 
iteration  solution  required  for  static  analysis  are 
described. 

Chapter  VIII  describes  the  direct  integration  meth 
ods  (HouboJt,  Wilson,  or  Newmark)  used  to  solve 
the  more  difficult  dynamic  problems.  Although  the 
content  is  sometimes  difficult  to  understand,  the 
explanations  are  clear.  The  chapter  concludes  with 
mode  superpositions. 

In  Chapters  IX  and  X direct  integration  methods 
are  applied,  tfieir  shortcomings  and  their  accuracy 
are  reviewed.  The  important  eignevalue  solutions, 
which  are  important  in  cutting  computer  (.osts, 
are  presented,  as  are  common  methods  of  mass 
normalization,  static  condensation  of  nodes,  and 
approximate  methods  The  chapter  concludes  with  a 
brief  discussion  of  component  mode  synttiesis. 

Chapters  XI  and  XII  consider  the  vector  iteration 
method  and  its  variants,  as  well  as  transformation 
methods  namely,  the  Jacobi,  Sturm  sequence  (iroixii 
ty,  and  the  Householder  Q R iteration  method  The 
large  eigensrjiution  requires  sp<;cial  rnethrxfs,  and 
the  authors  desr;ribe  the  determinant  search  and 
subspace  iteration. 

This  is  an  excellent  book,  with  clearly  written  ex 
planations  and  computer  programs.  The  careful 
reading  required  is  well  worth  the  effort.  The  review 
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er  heartily  recommends  this  book  to  both  beginners 
and  those  with  experience.  It  should  be  on  the  desk 
of  anyone  involved  in  finite  element  analysis. 

Herb  Saunders 
General  Electric  Co.  LSTGD 
Schenectady,  NY  12345 


ELASTODYNAMICS 
VOLUME  I FINITE  MOTIONS 
A Cemal  Erinqen  and  E .S.  ^uhubi 
Academic  Press.  New  York  and  London,  1974 

This  is  the  first  of  a two-volume  set  on  the  dynamics 
of  elastic  ajntinua,  'interxJfid,  hopefully,  to  remedy 
the  neecJ  for  a riqourous  study  of  the  mathematical 
theory  of  elastodynamics " Volume  I consists  of 
four  chapters  and  two  aptrendices  as  follows: 

I Basic  Theory 

II  Propagation  of  Singular  Surfaces 

III  Finite  Motion  of  E last ic  Bodies 

IV.  Small  Motions  SuperimposerJ  on  Large  Static 
Deformations 

A Tensor  Analysis 

B Ouasilinear  System  of  Hyirerbolic  Equations 
with  Two  Irxfependent  Variables 

Chai'ter  I provides  the  reacJer  unacquainted  with  a 
mrxJern  treatment  of  the  mechanics  of  continua 
a rx)ncise,  rearfable  exfiosure  to  kinematics,  balance 
principles,  and  mnstitutive  rrquations  for  thermoelas 
tic  stjlids  A rectangular  Cartesian  reference  system 
IS  employed,  with  the  aid  of  Apirendix  A,  the  results 
(.an  be  expressed  in  curvilinear  coordinates  when 
needfxf  Field  (.-quations  are  obtained  for  finite 
motion  of  nonlinear  elastic  solids  and  specialized 
to  linear  arxl  quadratic  approximate  theories 

Chapter  II  introduces  the  geometry  and  fundamental 
lump  corxlitions  relevant  to  moving  singular  sur- 
fa(.es  (disrxmiinuity  surfaces)  in  materials  The 
singular  surf}r,es  assrrciatod  with  motion  of  a material 
b'Kjy,  dynamir,al  ujrnpatibility  conditions,  and  the 
classifi(.atiran  of  singular  surfaces  are  treated  Both 
shock  waves  and  acceleration  waves  (soursd  waves) 
are  discusser)  for  elastic  bodies,  with  specialization 
for  ar.r*leration  waves  in  isotropic,  as  well  as  in 
'om{>res.siblH.  materials 


Chapter  III  is  devoted  to  the  solution  of  a colleaion 
of  problems  associated  with  finite  motions  of  elastic 
solids.  First,  two  examples  of  quasi-equilibrated, 
controllable  motions  are  presented:  radial  oscilla- 
tions of  a cylindrical  tube  and  radial  oscillations  of 
a spherical  shell.  These  results  obtain  for  an  iso- 
tropic, incompressible  elastic  material.  The  notion 
of  simple  waves  in  nonlinear  elastic  bodies  (resem- 
bling and  generalizing  plane  waves  in  linear  elastic 
solids)  is  developed  and  illustrated  in  the  remainder 
of  the  Chapter  As  an  example,  material  found  in 
Appendix  B is  used  to  discuss  the  Riemann  problem 
for  a isotropic  elastic  half-space  and  to  bring  out  the 
concepts  of  longitudinal  and  shear  waves  in  non- 
linear elastic  solids. 

In  Chapter  IV,  equations  necessary  to  examine  small 
motions  superimposed  on  large  static  deformation 
of  an  elastic  body  are  developed.  This  material 
finds  application  in  the  study  of  the  stability  of 
motion,  as  well  as  in  numerical  analysis  of  finite 
motion  of  bodies. 

A substantial  amount  of  the  material  presented  in 
the  book  appears  in  two  earlier  works  of  the  first 
author.  Repetition  presumably  serves  to  make  this 
volume  self-contained. 

The  design  engineer  requiring  knowledge  of  finite 
wave  motion  in  nonlinear  elastic  materials  will  find 
little  consolation  in  the  authors'  observation  that  the 
field  is  still  "barren."  Although  this  book  is  a step 
in  the  direction  of  building  the  foundation  on  which 
rational  design  will  ultimately  be  based,  it  will  be 
clear  to  the  reader  that  rational  solutions  to  the 
real  world  problems  enunciated  in  the  preface  remain 
a dream, 

Karl  S.  Pister 
Professor  of  Engineering  Science 
University  of  California,  Berkeley 
Berkeley,  CA  94720 
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SYMPOSIUM  ON  RAILROAD  LQUIPMENT 
DYNAMICS 

R Byrne,  Editor 

The  American  Society  of  Mechanical  Engineers,  19/6 

This  volume  is  a collection  of  eight  |)a|)ers  presented 
at  the  Joint  ASME  IEEE  Railroad  Conference  in 
April,  1976  It  IS  a sample  of  current  analysis,  test 
ing,  and  design  techniques  for  improving  the  dy 
namic  performance  of  rail  vehicles  and  r^mponents. 
Vehicle  vibration  is  the  principal,  though  not  ex- 
clusive, concern  of  the  papers.  Although  there  is 
no  formal  division,  three  distinct  types  of  articles 
are  include>d 

The  first  type  ernphasi.'os  mathematiwl  modeling 
and  data  analysis.  In  the  first  paper,  Scheffel  defines 
the  conflicting  demands  of  lateral  stability  and 
curving  performance  on  suspension  and  wheel  profile 
characteristics.  Using  simple  mathematical  and 
Idboiatory  wheelset  models,  he  indicates  the  im- 
portance of  wheel  wear  to  limiting  dynamic  behavior 
The  possibility  of  substantial  improvement  in  both 
fiunting  and  curving  with  cross-braced  truck  designs 
IS  discussiKl  and  demonstrated  with  field  test  results 

Garg,  Chu,  and  Mels  focus  on  the  area  of  lateral 
dynamic  stability  They  illustrate  tfie  use  of  linear 
models  for  parametric  studies  of  suspension  charac- 
teristics. A rnodel  of  a specific  four  axle  vrrhicle  is 
used  to  indir;aie  the  sensitivity  to,  as  well  as  inter 
action  suspension,  wheel  profile,  and  creep  pararne 
tors  on  linrrar  critical  hunting  s[)eeds 

Cooperrider,  Law,  et  al  (tresent  their  method  for 
charai:lori/ation  of  the  nonlinear  variation  of  wheel/ 
rail  profiles  as  a function  of  lateral  displacement 
They  establish  a correlation  between  their  analytical 
and  experimental  procedures  and  present  a sample 
of  their  results  for  specific  (jrofiles.  The  form  of  the 
results  provides  a description  of  such  (larametrrrs 
as  conicity  and  gravitational  stiffness,  such  pararne 
ters  determine  the  limits  of  dynamic  (terformance 
in  analytical  models  of  rail  vehicles  The  authors 
and  others  have  rejiorted  such  studies  in  recent 
work 

Gums,  in  the  last  paper  of  this  group,  uses  random 
vibration  techniques  to  analyze  freight  tar  ride 
data  He  emphasizes  the  importance  of  sftectral 
analysis  hardware  in  power  spectral  density  cfiarac 


terization  of  the  vibration  environment  In  par 
licular,  tie  examines  the  relation  of  track  irregular 
itic's  to  vertir.al  car  acceleration  and  establishes  ttie 
predornmaiK.e  of  )oint  frequency  tjn  this  vibration 
t(jr  the  test  results  (xmsidered 

1 he  three  paiiers  in  tfie  second  '|ioup  of  articles 
examine  specific  problems  associated  with  tfie  de 
manding  arnditions  of  coal  fiauling  unii  tram  opera 
tion.  Each  article  discusses  the  road  and  laboratory 
tests  used  to  identify  and  investiijate  tfie  Muses  of 
the  problems  and  describes  the  design  modifications 
that  provided  the  engineering  fixes  in  each  case. 
Weber  and  Driver  describe  their  investigation  of 
cracks  in  truck  bolsters.  Their  fatigue  analysis,  coor 
dinated  with  the  test  program,  revealed  the  need 
tor  heavier  structure  to  assure  lower  stress  levels  for 
the  severe  dynamic  environment  in  the  service  ex 
pected  of  the  unit  train  vehicles,  Rhine,  Williams, 
and  Driver,  in  a short  article  on  corrosion  fatigue 
of  car  brrdies  and  a longer  one  on  Brinelling  of 
roller  bearirigs  during  impact  operations,  describe 
the  successful  use  of  strain  gage  instrumented  com- 
ponents to  diagnose  and  relieve  problems.  In  each 
case,  the  need  to  properly  characterize  extreme 
loading,  lading,  and  operating  conditions  in  relation 
10  design  specifications  is  clearly  identified 

The  last  paper,  by  Isler,  Clingerman,  and  Paternoster, 
IS  largely  descrgitive.  It  is  a report  of  the  design  lea 
tures  of  a trirnodal  rapid  transit  rail  (lassenger  car 
I he  constraint  of  nearly  equivalent  acceleration 
performance  under  gas  turbine  and  conventional 
DC  third  rail  power  emphasize  the  issue  of  specifi 
cations  lor  pro|)ulsion  and  system  operation. 

In  summary,  the  volume  is  a set  of  exarigrles  of  the 
engineering  tools  that  are  being  apfrluad  rather  than 
an  exhaustive  survey  of  all  features  of  rail  dynamics 
It  represents  a kind  of  progress  report  on  the  m 
creasing  awareness  of  and  concern  with  dynamic 
environments  that  set  the  Emits  on  operating  per 
forrnance  In  particular,  it  provides  a useful  digest 
of  evolving  ter.hniques  and  identifies  the  need  for 
fuittiei  refinement  of  these  tools. 


A.B.  Perlman 
Detiaitment  of  Mechanical  Engineering 
7 ufts  University 
Medford.  MA  0215b 
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ADVANCE  PROGRAM 


49TH  SHOCK  AND  VIBRATION 
SYMPOSIUM 

October  17-19,  1978 


Goddard  Space  Flight  Center 
Greenbelt,  Maryland 
will  be  your  host  lor  this  Symposium 
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CONHHENCl  l OCAIKJN  f<<!<|isltdii<jfi,  inti.mid 
lion,  and  uriclassif locI  t*‘(.tini(.al  sossions  am  al  iti*! 
IntKrnational  Inn,  Washinuton,  IJ  C 
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OPENING  SESSION 

(Unclauilied)  9 00  A M.  Tuaidav.  October  W 

Wa«bin0ton  Room 

Chairman  Mr  Br*n»  Kae^n.  NASA  Goddard  Space 

FligTii  Ceriter,  Greer(l)ali,  MD 

Cochairman  Mr  Henry  C.  Pusey,  Director.  Shock  and 

Vibration  Information  Center.  Naval 
Research  Laboratory.  Washington,  D C. 

Welcome  NASA  Goddard  Space  Flight  Center 

representative 

Keynote  Address  Mr.  Andrew  J Stofan.  Deputy  Associate 
Administrator  for  Space  Sciences,  Na 
tional  Aeronautics  ar>d  Space  Adminis- 
tration,  Washington.  D.C. 

Invited  Papers  "The  Role  of  Dynamics  in  DoD  Science 
and  Technology  Program"  Dr.  George 
P Millburn,  Office  of  the  Deputy 
Director  of  Research  and  Engineering 
(Research  arxJ  Advanced  Technology). 
Wa^ington,  D C. 

"Dynamic  Problems  in  Large  Space 
Structures"  Dr.  Michael  Card,  Dr 
Garnett  Horner,  arvl  Dr.  Ray  Mont 
gonrtery,  NASA  Langley  Research  Cen 
ter.  Hampton.  VA 

"Analytical  Model  for  Predictions  of 
Noise  Levels  in  Space  Shuttle  Payload 
Bay"  Dr.  John  F.  Wilby  and  Larry  D. 
Pope.  Bolt.  Beranek  and  Newman, 
Canoya  Park , CA 

Session  lA  (Unclassified)  2:00  P.M.  Tuesday,  October  17 
Adams  Room 

VIBRATION  AND  ACOUSTICS 

Chairman  Mr.  Edgar  K.  Stewart,  U S.  Army  Arma- 

ment R&D  CommarKl,  Dover.  NJ 

C(jcftij|rman  Mr.  Larry  Cook.  NASA.  Goddard  Sfjace 

Flight  Center,  GffWfilwIt,  MU 

1 Probability  of  Failure  Prediction  for  Step  Stress  Fatigue 
UfKier  Sine  or  Raritlom  Stress  R G LAMBERT,  General 
fcpictric  Company.  Utica,  NY 

2 Signature  Analysis  of  Inertial  GuidarKje  Systems  D.F 
SULLIVAN,  Charles  S.  Draper  Latjoratory,  Cambridge. 
MA 


3 Multiple  Shaker  Transient  Waveform  Control  P RADER 
and  R BERRY.  Martin  Marietta  Corporation,  Denver. CO 

4 On  the  Use  of  Coherence  Furtctions  to  Evaluate  Sources 
of  Dynamic  Excitation  S BARRETT,  Martin  Marietta 
Corporation.  Denver,  CO 

BREAK 

5 Status  of  Cavity  Noise  Phenomena  Measurement  arvd 
Suppression  B1  Aircraft  AG  TIPTON  and  C H MOO 
SON,  Rockwell  International,  Los  Angeles,  CA 

6.  Experimental  Evaluation  of  the  Effects  of  Payloads  on 
the  Space  Shuttle  Acoustic  Environment  Usirig  a 1/4 
Stale  Dynamic  Model  P.  HENTZ.  A PIERSOL,  W 
WOOD,  arxJ  J.  WILBY,  Bolt  Beranek  and  t>tewman 
Canoga  Park.  CA 

7.  Cavity  Noise  Irtduced  by  Aerodynamic  Flow  L A 
SCHUTZENHOFER,  P.W  HOWARD,  WW  CLEVER, 
arxl  S.H.  GUEST,  NASA.  Marshall  Space  Flight  Center, 
AL 

SUPPLEMENTARY 

Barkley  Dam  Gate  Vibration  Field  Tests  £,D  HART 
arxJ  J.E.  HITE.  Jr..  U.S.  Army  Corps  of  Engineers  Water 
ways  Experiment  Station.  Vicksburg.  MS 


Session  IB  (Unclassified)  3:00  P.M.  Tuesday.  October  17 
Monroe  Room 

BLAST  AND  SHOCK 

Chairman  Dr,  Jimmie  P.  Balsara,  U.S.  Army  Engl 

neer  Waterways  Experiment  Station. 
Vicksburg.  MS 

Cothairman  Mr  Edward  R^epka.  Naval  Surface 

Weapons  Center.  Silver  f>tjriny,  MD 

1 Snaps  in  Structures  M.  ZAK.  Jet  Propulsion  Laboratory, 
Pasadena.  CA 

2 A Simplified  Methorf  for  Evaluating  Wave  Propagation 
in  Complex  Structures  J D,  COLTON  arxJ  T P DES- 
MOND, SRI  International,  Menlo  Park,  CA 

3.  High  g Pyrotechnic  Shock  Simulation  Using  Metal  to 
Metal  Impact  M BAI  and  W.  THATCHER,  Motorola, 
GED,  Scottsdale,  AZ 

4 An  Experimuritai  Design  for  Total  Container  Impact 
Response  Modeling  at  Extreme*  Temperatures  VP 
KOBLER,  US.  MIHADCUM.  Huntsville,  AL,  RM 
WYGKIDA  and  J U.  JOHANNES,  The  University  of 
Alabama  in  Huntsville,  Huntsville,  AL 


BREAK 


5.  Empirkal  Procedures  for  Estimating  RecoHless  Rifle 
Breech  Blast  Overpressures  P.S.  WESTINE  ar>d  R.E. 
RICKER.  Southwest  Research  Institute.  San  Antonio.  TX 

6.  Blast  from  Bursting.  Frangible  Pressure  Spheres  - E.D. 
ESPARZA  and  W.E.  BAKER,  Southwest  Research 
Institute.  San  Antonio.  TX 

7.  Test  Evaluation  of  Shock  Buffering  Concept  for  Hydro- 
dynamic  Ram  Irxjuced  by  Yawing  Projectile  Impacting 
a Simulated  Integral  Fuel  Tank  • P.H.  ZABEL,  Southwest 
Research  Institute.  San  Antonio.  TX 

SUPPLEMENTARY 

Air  Blast  Response  of  Tapered  Beams  Using  Finite  Ele- 
ment Method  ■ A.V.  SINGH,  Defence  Research  Establish- 
ment, Suffield.  Alberta,  Canada 

Prediction  of  Fragment  Velocities  and  Trajectories 
J.J.  KULESZ.  L.M.  VARGAS,  and  P.K.  MOSELEY, 
Southwest  Research  Institute.  San  Antonio.  TX 


Session  2A  (Unclassified)  9:00  A.M.  Wednesday,  October  18 
Adams  Room 

MODAL  AND  IMPEDANCE  ANALYSIS 

Chairnr)an:  Dr  E^en  Wada.  Jet  Propulsion  Labors 

tory,  Pasadena.  CA 

Cochairman:  Dr  George  Morosow.  Martin  Marietta 

Corporation.  Denver.  CO 

1.  An  Impedance  Technique  for  Determining  Low  Fre 
quoncy  Payload  Environments  K.H  PAYNE,  Martin 
Marietta  Corporation,  Denver.  CO 

2.  Modification  of  Flight  Vehicle  Vibration  MorJes  to 
Account  for  Design  Changes  C,W  COALE  and  M R 
WHITE,  Lockheed  Missiles  & Space  Company,  Sunny- 
vale, CA 

3.  A Statistical  Look  at  M<x1al  Displacement  Response  to 
Segnential  Excitation  W J KACENA,  Martin  Marietta 
Corporation,  Denver,  CO 

BREAK 

4.  On  Determining  the  Number  of  Dominant  Modes  in 
Sinusoidal  Structural  Response  W.L,  HALLAUER,  Jr 
and  A.  FRANCK,  Virginia  Polytechnic  Institute  and 
Sta*e  University,  BlackAiurg,  VA 

5.  Lateral  and  Tilt  Whirl  Modes  of  Flexibly  Mounted  Fly 
wheel  Systems  Arwiysis  and  Ex^xiriment  CW  BERT 
end  T.L.C.  CHEN.  Unive-sity  of  Oklahoma,  Norman,  OK 

6.  On  Combining  Modal  Responses  in  the  Shock  Sf>ectrum 
Method  of  Analysis  S.S.  GASSEL  arxl  J J.  CULI  ENS, 
Westinghouse  Electric  Corporation.  West  Mifflin,  PA 


SUPPLEMENTARY 

Development  and  Application  of  the  Mobile  Dynamic 
Analysis  Laboratory  (MODALAB)  R.C.  STROUD, 
Lockheed  Missiles  and  Space  Company,  Sunnyvale,  CA. 
S.  SMITH  and  G.A.  HAMMA,  Lockheed  Missiles  and 
Space  Company,  Palo  Alto.  CA 

Session  2B  (Unclassified)  9:00  A.M.  Wednesday,  October  18 
Monroe  Room 

HUMAN  RESPONSE  TO  VIBRATION  AND  SHOCK 


Chairman:  Dr.  John  C.  Guignard,  Naval  Aerospace 

Medical  Research  Laboratory  Detach 
ment,  New  Orleans.  LA 

Cochairman;  Mr.  Donald  Wasserman,  National  In- 

stitute for  Occupational  Safety  and 
Health,  Cincinnati.  OH 


1 Problems  and  Progress  In  Blodynamics  ■ Dr.  H E.  VON 
GIERKE.  6570th  Aerospace  Medical  Research  Labora- 
tory, Wrlght-Patterson  AFB,  OH 

2 Musculoskeletal  Response  to  Impact  Loading  Dr.  L. 
KAZARIAN,  6570th  Aerospace  Medical  Research  Lab- 
oratory, Wright  Patterson  AFB,  OH 

3 Human  Impact  Acceleration  Facility  W H MUZZY  III, 
Jr  and  G.C  WILLEMS,  Naval  Aerospace  Medical  Re- 
search laboratory  Detachment,  New  Orleans,  LA 


BREAK 


4 Whole-Body  Vibration  of  Heavy  Equipment  Operators  • 
D.E.  WASSERMAN,  National  Institute  for  Occupa- 
tional Safety  & Health,  Cir>cinnati,  OH 

5 Vibration  Characteristics  of  the  Hand  - Dr.  D.D.  REY- 
NOLDS, University  of  Pittsburgh,  PA 

6 Recent  Reserach  on  Passenger  Reaction  to  Vehicle 
Ride  Quality  Dr  I D.  JACOBSON  and  A.R.  KUHL 
THAU.  University  of  Virginia,  Charlottewille,  VA 

7 Research  Related  to  the  Expansion  and  Improverr^ent  of 
Human  Vibration  Exposure  Criteria  - Dr.  R.W.  SHOEN 
BERGER.  6570th  Aerospace  Medical  Research  Labora 
tory.  Wrlght-Patterson  AFB.  OH 


Session  2C  (Unclassified)  2:00  P.M.  Wednesday,  October  18 
Adams  Room 

ISOLATION  AND  DAMPING 
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Chairman 


Professor  Frederick  Nelson,  Tufts  Uni- 
versity, Medford,  MA 

Cochairman  Dr  John  Henderson,  Air  Force  Materials 

Laboratory,  Wright-Patterson  AFB,  OH 

1.  Computer  Aided  Design  of  Passive  Vibration  Isolators 
for  Airborne  Electro-Optical  Systems  P W.  WHALEY, 
Air  Force  Institute  of  Technology,  Wright-Patterson  AFB, 
OH  and  J PEARSON,  Air  Force  Flight  Dynamics  Labora- 
tory, Wright-Patterson  AFB,  OH 

2.  Transmissibility  Across  Completely  Free  Thin  Square 
Plates  with  and  without  Structural  Damping  - B.M. 
PATEL,  Lord  Kinematics,  Erie,  PA 

3.  Liquid  Spring  Shock  Isolator  Modeling  by  System  Iden- 
tification P.N.  SONNENBURG,  B.H.  WENDLER,  and 
W.E.  FISHER,  U S.  Army  Corps  of  Engineers  Construc- 
tion Engineering  Research  Lab  , Champaign,  IL 

BREAK 

4.  Preliminary  Design  of  Practical  Damping  Applications  - 
L.  ROGERS,  Air  Force  Flight  Dynamics  Laboratory, 
Wright-Patterson  AFB,  OH 

5.  Design  of  Turbine  Blades  for  Effective  Slip  Damping  at 
High  Rotational  Speeds  - D.I.G.  JONES,  Air  Force 
Materials  Laboratory,  Wright-Patterson  AFB,  OH,  and 
A.  MUSZYNSKA,  Polish  Academy  of  Sciences,  Warsaw, 
Poland 

6.  A Generalised  Derivative  Model  for  an  Elastomer  Damp- 
er - R.L.  BAGLEY  and  P.J.  TORVIK,  Air  Force  Institute 
of  Technology,  Wright-Patterson  AFB,  OH 

7.  Low  Cost  Measurement  of  Material  Damping  Behavior  - 
D I G.  JONES,  Air  Force  Materials  Laboratory,  Wright- 
Patterson  AFB,  OH 


Session  2D  (Unclassified)  2:00  P.M.  Wednesday,  October  18 
Monroe  Room 

DYNAMIC  ANALYSIS 

Chairman:  Mr.  Sumner  A.  Leadbetter,  NASA, 

Langley  Research  Center,  Hampton,  VA 

Cochairman:  Mr.  Jess  Jones,  NASA,  Marshall  Space 

Flight  Center,  Huntsville,  AL 

I Reflection  and  Transmission  of  Fluid  Transients  at 
Elbows  J.W  PHILLIPS,  University  of  lllinoisat  Urbana- 
Champaign,  Urbane,  IL 

2.  Stability  Analysis  and  Response  Characteristics  of  Two- 
Degree  of  Freedom  Nonlinear  Systems  M.  SUBUDHI 
and  J.R.  CURRERI,  Brookhaven  National  Laboratory, 
Upton,  NY 


3 Application  of  Rarxlom  Time  Domain  Analysis  to  Flight 
Data  S.R  IBRAHIM,  Old  Dominion  University,  Norfolk, 
VA 

BREAK 

4.  Shock  Spectra  Design  Methods  for  Equipment-Structure 
Systems  J.L.  SACKMAN  and  J.M.  KELLY,  University 
of  California  Berkeley,  CA 

5.  A Computational  Model  Describing  the  Initiation  of 
Silver  Acetylkte-Silver  Nitrate  Explosive  by  an  Intenn 
Light  Source  - F.H,  MATHEWS,  Sandia  Laboratories, 
Albuquerque,  NM 

6.  Analysis  of  the  Motion  of  a Barrel  Tamped  Explosively 
Propelled  Plate  - R.A.  BENHAM,  Sandia  Laboratories, 
Albuquerque,  NM 

7.  A Stability  Theorem  for  a Dynamically  Loaded  Linear 
Viscoelastic  Structure  - D.W.  NICHOLSON,  Naval  Surface 
Weapons  Center,  Silver  Spring,  MD 


SUPPLEMENTARY 

Analog  Double  Integration  of  Shock  Pulses  ■ K.  PELEG 
and  R.  LUND,  Michigan  State  University  School  of 
Packaging,  East  Lansing,  Ml 


Session  3A  (Unclassified)  9:00  A.M.  Thursday,  (}ctober  19 
Adams  Room 

STRUCTURE-MEDIUM  INTERACTION 

Chairman:  Dr.  Robert  O.  Belsheim,  NKF  Ertgireer- 

ing  Associates,  Inc.,  Silver  Spring,  MD 

Cochairman:  Dr.  Jack  Kalinowski,  Naval  Underwater 

Systems  Center,  New  London,  CT 

1.  Long  Wave  Length  Effects  in  Fluid-Structure  Interaction 
Calculations  - R E NICKELL  and  R.S.  DUNHAM, 
Pacifica  Technology,  Del  Mar,  CA 

2.  Late-Time  Ground  Motion  Calculations  for  Stemming 
Material  in  an  Underground  Nuclear  Test  - D.F.  PATCH, 
Pacifica  Technology,  Del  Mar,  CA 

3.  Simplified  Shock  Design  of  Underground  Structures  - 
A.K  GUPTA,  IIT  Research  Institute,  Chicago,  IL 

BREAK 

4.  Failure  of  Urxfergrourxf  CorKrete  Structures  Subjected 
to  Blast  Loadings  - P.T.  NASH,  G.H  GRINER,  USAF 
Armament  Laboratory,  Eglin  AFB,  FL  and  C.A.  ROSS, 
University  of  Florida,  Eglin  AFB,  FL 
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5 Theoretical  Investigation  of  Loads  on  Buried  Struc 
tures  R.H  ROBINSON,  IIT  Research  Institute,  Chicago, 
IL  arid  M A.  PLAMONDON,  S.A.  CHANG.  Air  Force 
Weapons  Laboratory,  Albuquerque,  NM 

6 Optimization  of  Reinforced  Concrete  Slabs  to  Resist 
Blast  Loading  JM  FERRITTO,  Civil  Engineering 
Laboratory,  Port  Huenerno.  CA 

SUPPLEMENTARY 

A Numerical  Comparison  with  an  Exact  Solution  for 
the  Transient  Response  of  a Cylinder  Immersed  in  a 
FlukJ  D.S.  LUCAS  and  M E.  GILTRUD,  Naval  Sur 
face  Weapons  Center.  Silver  Spring,  MD 


Session  3B  (Unclassified)  9:00  A.M.  Thursday,  October  19 
Monroe  Room 

CASE  STUDIES  (N  DYNAMICS 

Chairman  Dr.  Anthony  Amos,  NASA,  Head 

quarters.  Washington,  D.C. 

Cochairman  Mr  Don  McCutchen,  NASA.  LyrwJon  B. 

Johnson  Space  Center.  Houston.  TX 

1 Foil  System  Fatigue  Load  Environments  for  Commercial 
Hydrofoil  Operatkm  D L GRAVES,  Boeing  Marine 
Systems  Co..  Seattle.  WA 

2 Protection  of  a Large  Suf^ercorKlucting  MHD  Magnet 
from  Random  Load  induced  Fatigue  Failure  D.  KRAJ 
CINOVIC.  University  of  Illinois  at  Cfiicayo  Circle,  Chi- 
cago, IL,  H.A.  VALENTIN,  W P.  LAWRENCE,  Argonne 
National  Laboratory,  Argonne.  IL  arxf  L.J.  RIPLING, 
Materials  Research  Laboratories  Inc.,  Glenwood,  IL 

3.  Evaluation  of  Rotor  Bearing  System  Dynamic  Response 
to  Unbalance  - R E.  THALLER  and  D.W,  02IMEK, 
Aeronautical  Systems  Division.  Wright  Patterson  AFB. 
OH 

A Extjerirnental  Investigiition  of  Dynamic  Characteristics 
of  Turbme  Generator  arxJ  Its  Low  TuruxJ  FoufKJation  - 
S.P  YING  and  M E.  fORMAN,  Gilberl/Comrrx)nwBalth, 
Jackson,  Ml,  R.H.  UFfUMM,  Pennsylvania  Power  arxJ 
I Ight  Company,  Allentown.  PA 

BREAK 

b Selectwi  Tofjics  from  the  Structural  Acoustics  Program 
for  the  B I Aircraft  PM  BELCHER,  Rockwell  Inter 
national  Corp  , Los  Angeles.  CA 

6 Combir>ed  Vtbration/lemperature/SkJeloafJ  Environmen 
lal  Testing  of  UHF  Blade  Antennas  H.E.  VOLKEFI, 
McDonnell  Aircraft  Company.  St  Louis.  MO 


7.  An  Investigation  of  Operator  Ride  Quality  in  Tractor 
Trailer  Trucks  T.G  CARNE  and  L,T  WILSON,  SancJia 
Laboratories,  Albuquerque,  NM 

SUPPLEMENTARY 

An  Assessment  of  the  Mcichinery  Noise  Problem  of  tf»« 
Fabricated  Metal  Products  Industry  - E.P.  BERGMAN, 
Southwest  Reserach  Institute,  San  Antonio,  TX 


Session  3C  (Unclassified)  9:00  A.M.  Thursday,  October  19 
Adams  Room 

SHORT  DISCUSSION  TOPICS 

Chairman.  Mr  Roland  Seely,  Naval  Weapons 

Handling  Evaluation  Facility,  Earle,  NJ 
Cochairman:  Charles  FrkJinger.  Naval  Surface  Weap 

ons  Center.  Silver  Spring.  MO 

This  session  will  program  papers  covering  progress  reports 
on  current  research  efforts  arnf  unique  ideas,  hints  and 
kinks  on  instrumentation,  fixtures,  testing,  analytical  short 
cuts  and  so  forth.  It  is  intended  to  provide  a means  for  up- 
to-the-minute  coverage  of  research  programs  and  a forum 
for  the  disucssion  of  useful  ideas  arxf  techniques  considered 
too  short  for  a full-blown  paper  Complete  titles  of  short 
talks  will  be  published  in  the  final  program. 


Session  3D  (Classified)  2:00  P.M.  Thursday,  October  19 
Goddard  Space  Flight  Center 

CLASSIFIED  SESSION 


Cfiairman  Mr.  Anthony  Paladino,  Naval  Sea  Sys 

terns  Command,  Washington,  D.C. 

CtKrhairman  Mr  Kenneth  Cornelius.  Naval  Sfiip 

H&D  Center,  BetftesrJa.  MD 


1,  EMP  F(arder)ing  of  Ships  from  a Shock  afxJ  Vibration 
Point  of  View  R.J.  HAISLMAIER,  Naval  Surface  Weap 
ons  Center.  Silver  Spring,  MD 

2.  The  Analysis  of  Resjxjnsii  to  Acoustic  F xcitalion  o! 
Ramjet  Combustors  Lirtofl  with  Thermally  Insulatincj 
Materials  T.B  JONES.  Jr  , The  Marquardt  Company 
Van  Nuys,  CA 

3  Initial  Considerations  of  Near  Miss  Sfiip  Shock  H.G 
MERRITT.  R.L.  WOODFlN,  arxJ  WN  JONES,  Naval 
Weapons  Center,  China  Lake,  CA 
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BREAK 


4 Instrument  Panel  Vibration  Reduction  of  U.S.S.  Glover  - 
t V THOMAS,  David  W Taylor  Naval  Ship  Research 
arvj  Develrjpment  Center,  Anr\apolis.  MD 

5 Shrx:k  Isolation  Platform  for  Sea  Sparrow  Laur>cher  • 
P V ROBERTS,  Raytheon  Corp  , Bedford,  MA 

6 The  Residual  Hydrostatic  Strength  of  Initially  Shock 
Damage  Pressure  Hulls  M.E.  GILTRUD,  Naval  Surface 
Weap<jns  Center.  Silver  Spring,  MD 


SHORT  COURSES 


OCTOBER 

CURRENT  DEVELOPMENTS  IN  UNDERWATER 
ACOUSTICS 

Dates:  October  2-6,  1978 

Place:  University  Park,  Pennsylvania 

Objective:  This  course  will  cover  linear  and  non- 
linear propagation  of  sound  in  the  ocean,  transducers, 
and  sources  of  underwater  noise. 

Contact.  Robert  E.  Beam,  The  Pennsylvania  State 
University,  Keller  Conference  Center,  University 
Park.  PA  16802  • (814)865-5141 


SONAR  AND  SEISMIC  SIGNAL  PROCESSING 

Dates  October  9-12, 1978 
Place  University  Park,  Pennsylvania 
Objective  This  course  is  designed  to  provide  those 
scientists  and  engineers  practicing  in  the  fields  of 
underwater  acoustics  or  seismic  exploration  an  under- 
standing of  the  principles  and  techniques  ustxJ  for 
the  detection  of  underwater  and  underground  signals. 

Contact  Robert  E.  Beam,  The  Pennsylvania  State 
University,  Keller  Conference  Center,  University 
Park,  PA  16802-  (814)865-5141. 

MACHINE  PROTECTION  AND  MALFUNCTION 
DIAGNOSIS 

Dates  October  9-13,  and  December  1115,  1978 
Place  Carson  City.  Nevada 
Objective  Topics  to  be  covered  include:  Measuring 
aixl  monitoring  parameters  for  predictive  mainten- 
ance, Eddy  current  probe  and  proximitor  theory  of 
operation.  Installation  procedures  and  comrrKin 
pitfalls,  Permanent  machine  monitoring  systems: 
System  calibration  procedures,  Thrust  position 
measurements;  Troubleshooting  the  system;  Trans- 
ducer polarity  rules.  Hazardous  area  considerations; 
Introduction  to  machine  data  dcxjuisition;  Oscillo- 
scope theory  and  operation.  Oscilloscope  cameras; 
Tunable  filters.  Vector  filter  phase  meter;  Tape 
recorders.  Keyphasor  theory,  and  Electrical  runout. 


Contact:  Training  Manager,  Bently  Nevada  Corpor- 

ation, P.O.  Box  157,  Minden,  Nevada  89423  - (702) 
782  3611. 


VIBRATION  DAMPING 

Dates:  October  23-26, 1978 

Place.  University  of  Dayton  Research  Institute 

ObjeCTive  To  cover  the  science  and  art  of  utilizing 
vibration  damping  materials  to  reduce  the  undesir- 
able effects  of  noise  and  vibration  on  structures  and 
equipment.  The  course  is  designed  to  teach  the 
background,  basic  analytical  methods  and  experi- 
mental techniques  needed  for  design  and  application 
of  damping  treatments  in  aircraft  and  spacecraft 
structures,  engines  and  equipment.  Step  by  step 
procedures  will  be  discussed,  along  with  case  his- 
tories. The  fee  for  early  registration  is  $410  (before 
October  2,  1978)  and  $425  thereafter 

Contact  Vibration  Damping  Short  Course,  Re- 
search Institute  • KL  501,  University  of  Dayton, 
Dayton,  OH  45469,  Attn  Dale  H.  Whitford,  (513) 
229-4235 


MACHINERY  VIBRATION  SEMINAR 

Dates  October  24-26, 1978 

Place.  MTI,  Latham,  New  York 

Objective:  To  cover  the  basic  aspects  of  rotor-bear- 
ing system  dynamics.  The  course  will  provide  a funda- 
mental understanding  of  rotating  machinery  vibra- 
tions; an  awareness  of  available  tools  and  techniques 
for  the  analysis  and  diagnosis  of  rotor  vibration 
problems,  and  an  appreciation  of  how  these  tech- 
niques are  applied  to  correct  vibration  problems. 
Technical  personnel  who  will  benefit  most  from  this 
course  are  those  concerned  with  the  rotor  dynamics 
evaluation  of  motors,  pumps,  turbines,  compressors, 
gearing,  shafting,  couplings,  and  similar  mechanical 
equipment.  The  attendee  should  possess  an  engineer 
ing  degree  with  some  understanding  of  mechanics 
of  materials  and  vibration  theory.  Appropriate  job 
functions  include  machinery  designers;  and  plant, 
manufacturing,  or  service  engineers. 
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Contact  Mr.  P.E.  Babajn,  Mktg  Mgr.,  Machinery 
Olagnustics,  MTI,  968  Albany  Shaker  Rd  , Latham, 
NY  12110  (618)785  2371. 


STRUCTURAL  ANALYSIS  SHORT  COURSE 

The  following  short  courses  in  structural  analysis 
are  being  offered  by  Schaeffer  Analysis  in  October 
of  1978  in  Boston,  Massachusetts. 

NASTRAN  related  courses 

• DMAP  and  Substructural  Analysis  Using 
NASTRAN 

October  16  19,  1978 
Composite  Materials 

• Structural  Applirations  of  Composite  Ma 
terials 

October  23  26,  1978 

ContacT:  Schaeffer  Analysis,  Kendall  Hill  Rd  , Mont 
Vernon,  New  Hampshire  03057  (603)  673-3070 


NOVEMBER 

DIGITAL  SIGNAL  PROCESSING 

Dates  November  6-10,  1978 

Place  The  George  Washington  University 

Washington,  D C 

Objective  The  course  is  designed  for  engineers, 
scientists,  technical  managers,  and  others  who  desire 
a better  understanding  of  the  theory  and  applications 
of  digital  signal  processing.  The  objeaive  of  this 
course  is  to  provide  the  participants  with  the  essen- 
tials of  the  design  of  MR  and  FIR  digital  filters, 
signal  detection  and  estimation  techniques,  and  the 
development  of  Fast  Fourier  Transform  Algorithms. 
The  applications  of  digital  signal  processing  to  speech 
processing  will  also  be  discussed.  The  mathematical 
concepts  needed  for  understanding  this  course  will 
be  developed  during  the  presentation. 

Contact:  Continuing  Engineering  Eduaition  Pro- 

gram, George  Washington  University,  Washington, 
D,C,  20052  - (202)  676-6106  or  toll  tree  (800)  424 
9773, 


VIBRATION  AND  SHOCK  TESTINf; 

Dates:  November  6-10,  1978 

Place  Washington,  D C, 


Objective:  Lectures  are  combined  with  physical 
demonstrations  how  structures  behave  when  me- 
chanically excited,  how  input  and  response  forces 
and  motions  are  sensed  by  pickups,  how  these  eleari- 
cal  signals  are  read  out  and  evaluated,  also  how 
measurement  systems  are  calibrated.  The  relative 
merits  of  various  types  of  shakers  and  shock  machines 
are  considered  Controls  lor  sinusoidal  and  random 
vibration  tests  are  discussed. 

Contact  Wayne  Tustin,  Tustin  Institute  of  Tech., 
Inc,,  22  Last  Los  Olivos  St.,  Santa  Barbara,  CA 
93105  (805)963  1124. 


i6TH  ANNUAL  RELIABILITY  ENGINEERING 
AND  MANAGEMENT  INSTITUTE 

Dates  November  6 10,  1978 

Place:  Tuscon,  Arizona 

Objedive  The  course  will  rover  the  following  top 

ics  Reliability  engineering  theory  and  firactice.  Me 
chanical  reliability  prediction.  Reliability  testing  and 
domon.stration;  Maintainability  engineering,  Produd 
liability;  and  Reliability  and  Maintainability  Manage 
iTient 

Contact  Ur.  Diir.itri  Kececioglu,  Aerospace  and 

Mechanical  Engineering  De|)t.,  University  of  Arizona, 
Bldg.  16,  Tucson,  AZ  85/21  (002)  626  2495/ 

626  :i901/626- 3054. 


JANUARY 

STRUCTURED  PROGRAMMING  AND  SOFTWARE 
ENGINEERING 

Dates:  January  8 12,  1979 

Place  The  George  Washington  University 

Objedive  Tfiis  course  provides  up  to-date  technical 
knowledge  of  logical  expression,  analysis,  and  inven 
tion  for  performing  and  managing  sr^ftwaro  architec 
tore,  design,  and  production.  Presentations  will 
cover  principles  and  applications  in  strudurrid  pro- 
gramnriing  and  software  engineering,  including  step 
wisr,‘  refinement,  (jrogram  conectness,  and  top 
down  systerri  development 

Contact.  Continuing  Engineering  Educ.ation  Pro- 
gram, George  Washington  University,  Washington, 
D.C  20052  (202)  676  6106  or  toll  free  (800)  424- 
9773 
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MKASIIKKMKNT  SYSTKMS  KNClINKHKINCi 

()dt«s  Miirrh  1?  16,  1979 

I’lnri!  f’ho(;ni,<,  Arizona 

MKASI  RKMKNi  SYSTKMS  UYNAMICS 

Udtos  Mdrf  h 19  23,  1979 

f'lat.i;  Phoonix,  Arizona 

(J6)iit;1  ivi;  Pioqrani  tjinnhasis  is  on  how  to  ini-tnasti 
[iroductivily,  cost  (;H(;i,tiv(;nuss  and  data  validity  of 
data  arquisitioti  (jroups  in  ifiu  tiold  and  in  ttiu  laboia 
lory  I he  |irui)tani  is  intended  lot  enijineeis,  seien 
tisis,  and  inan.iijers  in  industrial,  i)overnniental,  and 
'xJueational  oriiani.-ations  ( lei  tritiil  ineasuremenls  of 
niei.tianiuil  and  thermal  quantities  ate  the  major 
topics 

Contdcl  Petei  K.  Stein,  6602  t Monte  Hosa, 
Phoenix.  A2  86018  m2)  946  4f)03/946  7333 
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NEWS  BRIEFS 


Ij  nmn  on  currant 
J and  Future  Shock  and 
4 Vibration  activitiat  and  avanti 


CAM-  FOR  PAPF.RS 
Tranaduern  and  Their  Application* 

Tho  10th  Trunsducef  Workshop  will  bo  hold  12  14 
luno  19/9,  at  ttio  U S Air  horco  Academy,  Colorado 
Springs,  Colorado  Tho  Worksho()  will  a)ver  ttie 
moasuromont  of  physical  (jarametors  witti  Trans 
docor  lechnology  Apfilications  are  in  flight,  field 
and  laboratory  testing  Paper  presentations  should 
be  only  10  to  15  minutes  long  The  Workshop  is 
s()onsore(J  by  the  Transtiucer  Committee  of  the 
lelornetry  Group,  which  rofiorts  to  the  Range  Com- 
manders Council  Papers  niay  be  about  transducers, 
their  OTnditioners,  or  entire  transducer  basrjd  sys 
terns  Moasurands  include  force,  (iressure,  accolera 
lion,  velocity,  displacement,  temperature  and  others 
Totrics  include  the  (,alibratiori  and  evaluation  of 
transtJucers  and  their  conditioners,  in  addition  to 
their  use  in  engintieting  tests  and  measiitenionts. 

Abstracts  of  about  20(J  words  are  reguesterj  and 
should  be  sent  by  Sefjtember  20,  1978  to  National 
Fiureau  of  Standards,  Attn  Paul  S lederei,Div  722, 
Washington,  0 C 20294  (,901)921:3821 


SVMPOSIIJM  ON  FIITIJRK  TRKNDS  IN 
COMPIJTFRIZKI)  STRIJCTIIRAI-  ANALYSIS 
AND  SYNTIIKSIS 

Fhis  Syrniiosium  will  be  field  Gdober  :30  November 
1,  1978  at  the  Marriott  Hotel,  Wasfnnrjton,  D.C 
It  will  be  r-o  sfionsori.si  tiy  Grrorije  Washington  Uriiver 
sity  ariri  NASA  I ari()ley  Resirarcfi  Center  in  coofiera 
ticjn  witfi  tfie  National  Science  foundation  and  the 
Amerii,ari  Six.iety  of  Civil  ( ngini.-ers  Tofiu.s  to  be 
disr.iisserf  III  tfiis  syirgiosium  include  strurdural  analy 
SIS  and  desiijn  of  systems,  su(jer(,om()uters  and  micro 
()ro(.essors,  aifvari(,es  and  trirnds  in  riurrieiir;al  analysis, 
symtiolic  (xjrri|)utirig  and  miriir,omi>uter  a|)[j|i(,ations, 
strur.tural  syntfiirsis,  atlv.ini;es  aiirf  trervJs  in  engineer 
irig  software  devr'loiiiiieril,  material  cfiarai:teri/a 
tiori  and  structural  modeling,  nonlinear  analysis, 
intrrractive  wmputer  grapfiics,  ixjrnfiuter  aided 
instruction  arui  engineering  software  systems,  struc 


tural  modeling  and  advanced  structural  applications 
Sessions  on  research  in  prr  gress  on  computers  and 
structural  analysis  and  synthesis  will  be  held 


Make  checks  payable  to  The  Gerjrge  Washington 
University  and  mail  before  October  2,  1978,  to 
Professor  Ahmed  K Noor,  Mail  Stop  246,  The 
George  Washington  University,  NASA  Langley 
Research  Center,  Hampton,  Virginia  2:3665 


INTKR-NOISE  78  PROCEEDINGS 
PIJULISHED 


"Designing  for  Noisi’  Cor.lrol,"  the  Proci-i.dirigs  of 
tfie  1978  International  Conlererur!  on  Noise  Control 
engineering  contains  tnc  paiiers  presented  at  INIt.R 
NOISE  78  which  was  held  in  San  Trancisco,  Califor 
nia,  on  8 10  May  1978  INTER  NOISE  78  was 
sponsored  by  the  International  Institute  of  Noise 
Control  Engineering  and  organized  by  INCE/USA 
Tho  book  of  Proceedings,  edited  by  Conference 
Chairman  William  W Lang,  contains  papers  covering 
all  branches  of  noise  control  engineering,  including 
machinery  noise  control,  industrial  noise  control, 
in  plant  noise  control,  transportation  noise  aintrol, 
instrumentation  and  analysis  techniques  for  noise 
control,  and  building  noise  control.  Copies  of  the 
INTER  NOISE  78  Proceedings  are  available  from 
i INTER  NOISE  78,  P O Bo*  3469,  Arlington  Branch, 
Poughkeepsie,  NY  12603  The  postfiaid  price  is 
$35.00.  Overseas  orders  must  include  $7  00  extra 
if  shipment  is  to  be  by  air 


PROCEEDINGS  OF  THE  INTERNATIONAL 
SYMPOSIUM  ON  FRACTURE  MECHANICS 

ProcixxJings  of  the  International  Symposium  on 
f racture  Mei.hanics  held  at  the  George  Washington 
University,  September  11  13,  1978,  will  be  a.  Table 
through  tfie  University  Press  of  Virginia  Thissyrnpos 
iurn,  s()onsorod  by  the  Office  of  Naval  Research, 
presents  an  overview  of  the  fraclure  problems  in  ship 
and  aircraft  structures,  as  well  as  an  international 
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review  of  ttie  stale<jf  the  art  in  iiiatiy  areas  of  frac 
tore  mechanics  research  IncluderJ  are  results  of 
both  thooretiial  and  experimental  studies  of  frac 
tore  and  fatigue  in  a variety  of  materials  and  struc 
tures  Various  aspects  of  fra<  tore  are  discussed  for 
armposites,  (xjlymers,  ceramics  and  metallic  materials 
under  wide  ranges  of  loading  and  environment 
Fracture  mectianics  technology  is  reviewed  through 
fracture  casrr  studies,  discussions  of  recent  advances 
in  nondestructive  flaw  detection,  and  applications 
to  nuclear  reactors,  gas  turbines,  and  rocket  motors 
This  book,  edited  by  Urs  N Perrone,  H Liebowit/, 
and  D Mulvilie,  will  be  available  in  September  It 
can  be  ordered  form  tfie  University  Press  of  Virginia, 
Box  3608,  University  Station,  Charlottesville,  VA 
22903,  for  $2b  00 

NOISK-CON  79 

Aprril  3U  lu  May  2,  1979,  Purdue  IJniveraity 

The  arnference  will  be  sponsored  by  Purdue  Univer 
sity  and  the  Institute  of  Noise  Control  Lngineering/ 
USA.  The  theme  of  the  1979  National  Conference 
on  Noise  Control  Fnginerrring  in  machinery  noise 
control  Sevfjral  different  scissions  will  be  held  in 
which  paijcrrs  will  be  presenti.-d  on  noise  from  in 
dustrial  machinery,  engines,  (rumps,  urrigrressrxs, 
and  horria  a[r()lianccis  t acfi  session  in  the  Conference 
will  consist  of  invited  acKi  a limited  number  of 
contribiJtcid  (ratiers  Contributed  [rapers  will  be 
scifected  by  revicrw  rjf  long  abstracts  (maximum  1(X)0 
words  arxf  up  to  one  figure  and  6 equations  if  nec'd 
cxj|  riie  deadline  for  recegrt  of  these  abstracts  is 
L)e(.ember  1b.  1978  Prior  to  NOISE  CON  79,  there 
will  be  a s()«i(  lal  seminar  on  machinery  noise  control, 
on  April  26  28,  1979  For  further  informaticjn  on 
the  conference  err  seminar,  please  write  NOISE 
CON  79,  116  Stewart  Center,  Purdue  University, 
West  Lafayette,  IN  47907  (31  7)749  2633  TVrstracts 
should  be  mailed  to  Professor  .1  W Sullivan,  Program 
Chairman,  Flay  W Fterrick  1 abs  , Purdue  University , 
West  I afayette,  IN  47907  (31  7)749  O-'Wb 

C A IX  I- OK  PAPKKS 
l)ra|rn  and  Applicaliuni; 

Advanced  (iumpuaile  Maleriala 

The  Mi!(.hani(,al  Failure  Prevention  Group  (MfPG) 
sponsored  by  the  National  Bureau  of  Standards, 


Office  of  Naval  Flciseari.ti,  Ociiiaitment  of  ttie  Navy, 
Ue()artment  of  Energy,  and  NASA  Gcxfdaid  Stiace 
Flight  Center  will  hold  its  29tli  Syngrosiuin  at  tlie 
National  Bureau  of  Stuiiilaids,  Ija  tfieislcurg,  Mary 
land  on  May  22  24,  1979  P.i|iei'  .iii!  desinxj  in 
the  following  areas  A()()li(,alions  in  land,  marine, 
and  aerospace  systems,  Analytic-al  tec.fiiiiques,  I abri 
cation  techniques.  Nondestructive  testing,  failure 
modes.  Environmental  effects,  and  Materials  1 ro 
ceedings  in  ttie  form  of  extended  abstracts,  2 4 
typewritten  pages,  will  be  [lublistuxi  by  the  National 
Bureau  of  Standards  Closing  date!  for  initial  aljstrai  Is 
IS  Jariuary  1,  1979  and  lor  extendixi  abstiar.ts, 
April  30,  1979  Abstracts  should  be  sent  to  Ic-sse  I 
Stern,  Code  721,  GixJdard  S(<ace  f liijfit  Center, 
Greenbelt,  Maryland  20771  (301)982  2667 

NOISK  CONTROL  KN(;iNKKHINO 
BKGINS  6TH  YKAR  OF  PUBLICATION 

NOISE  CONIHOL  ENGINEEHING,  the  technical 
lOurnal  of  the  Institute  of  Noisri  Ccvilrol  Engineering 
(INCE)  has,  wilfr  Volume  11,  entered  its  sixth  year 
of  publication.  The  bimonttily  (ournal,  iHfiied  by 
Professor  Malcolm  J.  Crocker  of  Purdue  Umviirsity, 
is  the  only  magazine  publisiied  in  ttie  United  Stales 
which  prints  retererid  articles  concerned  exclusively 
with  noise  control 

NOISE  CONIHOL  LNGINIEHINC.  is  available  for 
$3000  (ler  year  Stuiii.nls  are  eligible  lor  a one 
time,  thrtjeyear  subscrgition  tor  $30  00  Individual 
subscribers  berxime  Associates  of  the  liislitiile  of 
Noise  Control  Enginc-ering  and  also  re(,mve  itie 
bimonthly  (Hiblic,ation  NOISE /Nf  WS  I oi  fuillier 
information,  ainlar  t NOISE  CON  I HOI  1 N(  d 
NEEHING,  P.O.  Box  3206,  Arliriglon  Branch,  Pough 
keepsie.  Now  York  12(X33 


SKSA  TO  HOLD  1978  MKKTINEi 
IN  INDIANAPOLIS 

The  Society  for  E x()erirrient<il  Stress  Analysis,  an 
international  (rngineering  so<  lety  will  liold  its  1978 
fall  Meeting  at  ttie  Sheraton  West  Hotel,  Indiana 
polls.  IN  on  October  23  26 

Members  of  ttie  Central  Indiana  Sei.tionol  ttie  SI  SA 
are  sfionsoring  the  mer-ting.  The  (irogram  offers 
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four  setiiiiidrs.  v;vkii  woi k sIiu|j  uuurses. 

a tiill  schwlulK  o1  StSA  tei.htiK^I  and  adininistraiive 
committee  meetini|s  and  stiveral  outiiK)sand  social 
events 

The  techiiK^il  seminars  on  ()<  lohei  '^3  are  beiru) 
organized  by  the  Structural  Teslini)  Committee,  the 
Residual  Stress  Conimittee  arxJ  the  kracture  Corn 
rnittee  of  the  SESA  Two  srissions  are  entitlixj  "A 
Potpourri  of  Struc  tural  Testing",  a tfiird  is  "Residual 
stress  Measurement",  and  ttie  fourtfi  is  "iJeterrnlna 
tion  of  Stress  Intensities  and  Related  Quantities" 
The  seminar  prrtgram  featurirs  twenty  invited  papers 

Seven  wurkstiops  are  offered  on  October  24  and  2b 
a two  day  structural  dynamics  woiksho(r  and  six 
one-day  workshops  on  transducers,  strain  garjes  and 
brittle  coatings,  fracture  mechanics,  plastic  modeling, 
strain  gages  in  hostile  environments  and  data  trans 
mission 

In  addition  to  the  technical  and  worksho(j  [irograms, 
twenty  SESA  technical  and  administrative  commit 
tees  will  hold  working  meetings  during  the  three  days 

For  arfditiortal  information,  (tlease  contact  Jane 
Austin,  Erfitorial  Assistant,  SESA,  21  Bridge  Square, 
PO  Box  277,  Saugatuck  Station,  Wirstport,  CT 
06880  (203)227  0829 
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ABSTRACT  CATEGORIES 


ANALYSIS  AND  DESIGN 

Analogs  and  Analog 
Computation 
Analytical  Methods 
Dynamic  Programming 
Impedance  Methods 
Integral  Transforms 
Nonlinear  Analysis 
Numerical  Analysis 
Optimization  Techniques 
Perturbation  Methods 
Stability  Analysis 
Statistical  Methods 
Variational  Methods 
Finite  Element  Modeling 
Modeling 
Digital  Simulation 
Parameter  Identification 
Design  Information 
Design  Techniques 
Criteria.  Standards,  and 
Specifications 
Surveys  and  Bibliographies 
Tutorial 

Modal  Analysts  and  Synthesis 

COMPUTER  PROGRAMS 

General 

Natural  Frertuencv 
Random  Response 
Stability 

Steady  State  Response 
Transient  Response 

ENVIRONMENTS 

Acoustic  • 

Periodic 

Random 

Seivnic 

Shock 

General  Weap<yn 
Transportat  ion 


PHENOMENOLOGY 

Composite 

Damping 

Elastic 

Fatigue 

Fluid 

Inelastic 

Soil 

Thermoelastic 

Viscoelastic 

EXPERIMENTATION 

Balancing 

Data  Reduction 

Diagnostics 

Equipment 

Experiment  Design 

Facilities 

Instrumentation 

Procedures 

Scaling  and  Modeling 

Simulators 

Specifications 

Techniques 

Holography 

COMPONENTS 

Absorbers 

Shafts 

Beams.  Strings.  Rods,  Bars 

Bearings 

Blades 

Columns 

Controls 

Cylinders 

Ducts 

Frames,  Arches 

Gears 

Isolators 

Linkages 

Mechanical 

Membranes,  Films,  and  Webs 


Panels 

Pipes  and  Tubes 

Plates  and  Shells 

Rings 

Springs 

Structural 

Tires 

SYSTEMS 

Abiorber 

Acouitic  liolation 

Noise  Reduction 
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ANALYSIS  AND  DESIGN 


ANALYTICAL  METHODS 

(AIsfi  No.  1288) 


78-1209 

A Direct  Method  for  Analyzing  the  Forced  Vihralionx 
of  Continuous  SystemH  Having  Damping 

A W Lelssa 

Dept,  of  Engrg.  Mechanics,  Ohio  State  Univ  .Colum 
bus,  OH  43210,  J.  Sound  Vib  , ^ (3),  pp  313-324 
(Feb  8,  1978)  3 tables,  1 6 refs 

Kev  Words;  Forced  vibrations.  Damped  structures 

The  purpose  of  this  paper  is  to  extend  the  Rayleigh-Ritz* 
Galerkin  methods  to  problems  of  forced  vibrations  of  con- 
tinuous bodies  having  damping.  In  particular  it  is  intended 
to  show  how  the  method  may  be  used  without  knowing 
eigenfunctions  of  free  vibration  and  without  having  access 
to  large  scale  digital  computers 


78-1210 

Korcod  Vibratkma  of  SyKtema  with  Ketardafion 
and  Damping; 

G N Bo)arj/if;v 

Dept,  of  Mathfirnatics,  Simon  Fraser  Univ.,  Burnaby. 
British  Columbia  VOA  1S6,  Canada,  J.  Stjund  Vib., 
^ (l).PP  /9  88  (Mar  8.  1978)  2 figs,  11  refs 

Key  Words:  Forced  vibration.  Damping  effects 

The  non-linear  oscillatory  processes  of  physical  systems 
under  the  influence  of  an  external  force,  and  containing 
retardation  and  damping  effects,  are  considered.  An  applica- 
tion 1$  made  to  a penerali/ed  Van  der  Pol  equation. 


78-1211 

Firat  PaMwfre  Tim^  for  Oarillatora  with  Non-Linear 
Keatonni;  Force* 

J.B  Roberts 

School  of  Engrg  and  Appl.  Sciences,  Univ  of  Sussex, 
Brighton  BNl  90T,  UK,  J Sound  Vib  , (1), 

pp  71  86  ( Jan  8.  19/8)  9 figs,  15  refs 


Key  Words:  Failure  analysis.  Probability  theory 

The  Markov  property  of  the  energy  envelope  of  a randomly 
excited,  lightly  damped  oscillator,  with  a non-linear  restoring 
force,  is  used  as  the  basis  of  a numerical  method  for  cal 
culating  the  probability  of  first  passage  failure,  P(T),  in  an 
interval  0-  T. 


78-1212 

Forced  Vibration  of  Special  ClaHHex  of  Nonlinear 
and  llyateretic  OacillatorH 

S.J.  Stott 

Fh.D.  Thesis,  Univ.  of  Southern  California  (1978) 
Avail  Micrographics  Dept.,  Doheny  Library,  USC, 
Los  Angeles,  CA  90007 

Key  Words;  Oscillators.  Forced  vibration 

This  dissertation  is  an  analytical  investigation  of  the  dynamic 
response  of  three  special  classes  of  nonlinear  oscillators. 
In  the  first  problem  class  studied,  two  solutions  are  pre- 
sented for  determining  the  displacement  response  of  a 
harmonically  excited,  single-degree-of-freedom  (SDOF)  hysr 
teretic  oscillator.  In  the  second  problem  class  studied,  a 
vibration  neutralizer  with  motion-limiting  stops  is  analyzed 
by  two  proposed  solutions  to  determine  its  displacement 
response  to  stationary  random  excitation.  Finally,  in  the 
third  problem  class  studied,  two  analytic  S'  Jtions  are 
presented  for  the  determination  of  the  disfilacement  response 
Of  an  SDOF  damped  bilinear  hysteretic  oscillator  subjected 
to  stationary  random  excitation. 


INTEGRAL  TRANSFORMS 


78-121.3 

Appliratkin  of  l.aplacr  Tranafonn  Trclink|u<-  to  th*- 
Solutk>n  of  Certain  Third-Order  Non-l.inoar  .Syalemn 

S G.  Joshi  and  P.  Srinivasan 

Dept  of  Menh.  Lngrg.,  Indian  Inst,  of  Science, 
Bangalore  5fj(X)12,  India,  .1.  Sound  Vib,,  ^ (1), 
pp  41  50  (Mar  8,  1978)  6 figs,  1 table,  8 rrjfs 

Key  Words  Laplace  transformation,  Random  excitation. 
Nonlinear  systems 

A numt)er  of  papers  have  appeared  on  the  application  of 
operational  methods  and  in  fjarticular  the  Laplace  transform 
to  problems  concerning  non-linear  systems  of  one  kind  or 
other.  This,  however,  has  met  with  only  partial  success  in 
solving  a class  of  non-linear  problems  as  each  approach  has 
tome  limitations  and  drawbacks.  In  this  study  the  approach 
of  Bayrura  has  been  extended  to  certain  third-order  non- 
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Iinuar  syttomt  iub)ect«<i  to  nonpofio<lK:  axcuationt,  a« 
this  approximate  method  combmei  the  advantages  of  engi- 
neerir>g  accuracy  with  ease  of  application  to  such  problems. 
Under  nonperiodic  excitations  the  method  provides  a 
procedure  for  estimating  the  maximum  response  amplitude, 
which  IS  important  from  the  point  of  view  of  a designer. 
Limitations  of  such  a procerfure  are  brought  out  and  the 
method  is  illustrated  by  an  example  taken  from  a physical 
situation. 


7H-I2J4 

Fundaiiittnlaia  of  the  Diac.rele  Fourier  Tranafonii 

M H Hicfiardyjn 

HfiwUitl  Packard  Co.,  Santa  Clara,  CA..  S/V,  Sound 
Vit>  . 12  (31,  pp  40  46  (Mar  1978)  10  tiqs.  1 table 

Key  Words:  Fourier  transformation.  Discrete  Fourier  trans' 
form 

The  important  corKepts  which  must  be  understood  in  order 
to  avoid  significant  errors  in  the  application  of  the  Discrete 
Fourier  Transform  (DFT)  to  measured  data  are  presented. 
The  authors  l>ogin  by  examining  the  Fourier  transform  end 
some  of  Its  properties,  ar>d  then  show  how  a fundamental 
concept  calleci  "windowing"  can  bo  applied  to  the  Fourier 
transform  to  derive  the  DFT  and  all  of  its  properties.  Using 
the  convolution  property,  or  as  it  is  called  here,  the  window- 
ing rule  or  Fourier  transforms,  they  define  the  concepts 
of  sampling,  aliasing,  leakage  and  the  wrap  around  error. 


OPTIMIZATION  TECHNIQUES 

(Alsi,  Nos.  1220,  12B;) 


78-1215 

A .Structural  0ptiiiii7.atM>n  Method  Conibinin^  Finite 
Kletnent  and  Otntrol  Theory  Terhiiiquen 

C.S  b<i  Hijri-;f!llos 

Ph  IJ  rhoMs,  IJniv  of  Minnesota,  lFj5  pp  (197/) 
IJM  7802039 

Key  Wordt  Minimum  vwight  deiign,  Optimi/ation,  Fmi«« 
•iement  techniquB,  Hodt,  Beams,  Columns 

A formulation  based  on  control  theory  and  linita  element 
analysis  is  surtgastad  for  obtaining  optimality  corKfitiortt  for 
minimum mass  design  of  practical  structures.  The  necessary 
corefitions  for  optimality  are  derived  using  the  concepts 
of  physical  anti  mathematical  finite  elements. 


STATISTICAL  METHODS 


78-1210 

A liiiified  FxpmiMon  for  the  Multivariate  Joint 
Probability  Defiraty  Function  of  the  Output  Fluc- 
tuation of  an  Arbitrary  Linear  Vibratory  Syatem 
with  Arbitrary  Random  Kxcitation 

M.  Ohid,  S.  Yarriaguchi,  and  S.  Hirornitsu 
Dept,  of  Electrical  Engrg.,  Hiroshima  Univ.,  Hiro- 
shima, Japan,  .1.  Sound  Vib.,  56  (2),  pp  229-241 
(Jan  22.  19781  4 figs.  10  refs 

Key  Words:  Probability  theory.  Spectral  energy  distribution. 
Vibrating  structures.  Random  excitation 

It  is  well-known  that  full  information  on  tha  statistical 
properties  of  state  variables  can  be  derived  by  finding  the 
multivariate  joint  probability  density  function.  A new 
theoretical  expression  for  the  multivariate  joint  probability 
density  fur>ction  of  an  output  response  is  derived  exactly 
in  the  case  when  a general  random  signal  having  an  arbitrary 
probability  distribution  and  correlation  propertias  is  passed 
through  an  arbitrary  linear  vibratory  system  of  finite  order. 
The  result  is  given  as  en  explicit  solution,  in  a general  series 
expansion  form,  with  furKtionai  de(>endenc6  on  the  input 
statistics  and  vibratory  system  parameters. 


78-1217 

Kixk  AfialyiHe  of  Structurea  in  Karthquakc 
nccriiig 

D.  Hsu 

PhD  ^^les(s,  Purduu  Univ.,  2/2  pp  (1977) 

UM  /803236 

Key  Words:  Earthquake  damage,  Monte  Carlo  method 

The  methodology  presented  can  be  used  to  relate  the  damage 
of  individual  Structures  to  earthquakes  with  various  inten- 
sities. The  damage  of  the  structure  is  defined  and  classified 
from  the  viewpoint  of  structural  mechanics.  The  earthquake 
information  with  different  intensities  is  collected  from  a 
two-hundred-year  period  of  strong  earthquake  records. 
Monte  Carlo  technique  is  applieri  to  estimate  the  probability 
of  damage  state  for  individual  structures  for  earthquakes 
with  different  intensities.  Damage  boundaries  for  a portal 
frame  have  been  derived  in  detail. 


FINITE  ELEMENT  MODELING 

(Ala)  ax)  Nos  1 32 1 , 1 .353,  1 .'J63) 

78-1218 

A Finite  Fl<*tiiciit  Analyiif  of  the  Impedance  Pnsper 
tiei  of  Irregular  Shaped  Cavitiea  with  Ahaorptive 
Houndariee 


53 


T 


l‘  ( ) )o|)t>ii  ijrxl  I M I y l<; 

Nfjirjj  IrM.ti  Sliill,  Hooiofj  (^ofntru.'fMiil  Airphirx; 
Co  , WA  J Sourul  ViIj  , (1), 

|)[>  (il  (Jiiii  H.  10/M)  3 fi(|s,  3 10  tii\h 

Khv  Words:  Finitn  wimnnnt  tuchniriue,  Sound  waves,  Eilastic 
wave.  Atoustic  impedance,  Cuvitv-containino  media 

The  impedance  luhe  configuration  is  used  to  examine  the 
aptilication  of  the  finite  element  method  to  a variety  of 
acoustics  problems  with  arbitrary  boundary  ihaf^es  arul 
impedances.  The  governing  eituations  and  boundary  con 
ditions  are  establishixl  in  a variational  format  to  include 
permeable  mernbraries  arirJ  bounrfary  forcing  functions  as 
required.  A simple  triangular  element  is  userf  in  the  finite 
element  morfel  to  obtain  solutions  which  give  good  agree 
merit  with  exact  solutions,  thus  helping  tr>  establish  the 
flexibility  of  the  finite  element  method  is  acoustic  a|>plica 
lions 


MODELING 


7U-I2I*) 

MtrlliodM  for  lilt*  Lxpt'riiiieiital  IVI<hI«*I  Finiluig  in  Ihi* 
MarJiiiir  ( Vrrfahr«*ii  /.itr  rxitrriint'nMlttii 

Modi*llfimliiiifr  ill  tier  Mamdiitiendynaniik) 

I Hfjl/wi!i‘iSM|  fifnJ  H I M.ifdll'n 

IIJ  lhiivli;ii,  ^jijMion  (Irijruiluqcfi  (ins  Mdiifimioti 

wcvJtri,  Hntoii  h I Jyiidoiil'  und  Muir  idhsloslMl^^^'M . 
M.r.i  hifM;rib.iiit(;(,lind , yfi  (II),  [)p  f/X)  f>()4  (Nov 
13//)3  (ols 

(In  (lOrinun) 

Key  Words  Mathematical  inorfeis.  Parameter  identification 
lectini()iie,  System  irfenlification  technique 

Miqhfjils,  liased  on  systems  theory,  for  the  determination 
ol  (lafitmeters  in  machine  dynamics,  are  described  Using 
ihes4i  methods  the  charar  teriitic  system  functions  are  deter 
rninerl  from  the  rnimsurernerit  of  the  input  and  output 
<tl  the  dynamic  system  for  u random  excitation  furrctmn 
The  parameters  of  the  system  are  darivtMl  from  these  charac 
leristic  system  functuins.  Computer  programs  for  the  ap- 
plication of  (lartial  results  are  listed  and  the  new  rJevelop 
ments  are  outlineil. 


PARAMETER  IDENTIFICATION 


7H-I220 

Infliiriirr  of  SUtrhaKlir  Hialiirhaiirrii  al  (hi*  IdenlifirA- 


lion  of  l.iiK^ar  'I'iirir  liivariaiil  Owillation  Syalriiia 
(Kiiifliiaa  /.uftlligrr  Slifi'UiiKi'ii  bri  tier  Itli-iilililia- 
tioii  liiiraier  /.eiliiivarianiri  Sriiwiii|>iiii)'aayHleinr) 

li  f b.'iiiiiinn 

Ai  .iiJoitiif!  (Ii)i  Wiswfist  h.illoii  ijor  /cttii.il 

m'.liliil  t Mijltii.'iii.ilik  iinil  MimIi.iiiiI,  liimiii 

b.iiiliK  liiiif  , ^(i  (II),  |)|i  (j Ut  ' lyO  (Mov  VI/  /)  .<  I ii|'. 

(Iti  (iiitrri.iii) 

K«ty  Word*  Sytlurti  tdffiitdtcultijn  tuchnMtuu,  I ttoi  analyot, 
(JpoiTti/atton 

In  tlm  lytlarnt  idHtililicaliot)  iniithod  thn  micitatiun  and 
lyilHtni  res|>onHt  ui«  iTiftuiiirml  itMpni iinoniady  vvith  men 
lurament  tttiuii.  A procadurn  lor  oplifin/inu  Ihiitit  artori 
it  dHtcnbofl,  with  rninitnurn  tttuaiu  dHViatiun  at  ill  uptiinurn 
ennditiun. 


DESIGN  TECHNIQUES 

(Aivf  will  No  ]yyy) 

7HI22I 

Kartli<|iiaki*  K<*xiMtaiit  IMawHiry  (!<»iiNlrii<iioii: 
al  W(»rkftlio|i 

H.A  Crist  iiiifl  I I 

(>;nli;t  Inr  fbiiltfiru}  (uffi,  N.idnn.il  Miifi'.in  nf  Ct.in 
d.jrds,  \A/.ishinf|t(jri,  I)f..  U'*pl  No  NMSMSClOfi, 
3/4  |)|)  (Si!(»t  13//) 

IMi  y/f,'>()l/4(,A 

Krry  Words  Seismic  design,  rarpfquake  resistant  sbuctures. 
Masonry 

Tfie  Naiional  Wiiikshop  on  lanhipjake  ftesistani  Masonry 
Construction  provided  un  excltange  of  inloimation  (letwiMm 
researchers  and  practicing  engineers  foi  the  purpose  of 
oiienting  pertinent  research  toward  national  needs  concern 
ing  current  problems  related  to  design  cfiienti  These  pio 
ceerfings  contain  the  reiioits  (iiesented  by  retearthers  and 
by  users  ol  design  critenu,  as  well  as  transi.npts  of  the  dts 
ciiflsions  which  followed  the  individual  piesentdtions  In 
addition,  the  proceedings  include  ter ornmendations  which 
emanated  from  wmking  sessions  field  by  fiv<*  woi  kini)  groufis 
ol  pai licgrants.  Technical  areas  ctrveteq  by  the  i|ir>u|>s  were 
code  lequirernenls,  tiesign  criteria,  maitiemalical  models, 
test  standaidi/ation  and  matenal  friofrertiei,  and  letroftl 
anrJ  repair  The  recommendatiuni  wttre  derived  In  njentrly 
research  which  would  lead  to  improved  output  in  eat  h of  tfie 
technical  areas  in  onier  to  fMtnetit  national  niMiils 


CRITERIA,  STANDARDS,  AND 
SPECIFICATIONS 

(AIvivh'N.i  I.VU 


7a- 1222 

Karthquake  Criteria  for  Structures 

GW  Housner  and  P.C.  Jennings 
tarih((uake  Engrq  Res,  Lab,.  California  Inst,  of 
Tech  , Pasadena,  CA  , Rept  No  EERL*77  06,  65  pp 
(Nov  1977) 

PB  276  502/2GA 

Kev  yVordt:  Standards  and  codas,  Seismic  design.  Earth- 
quake resistant  structures 

Seismic  design  criteria  should  provide  clearly  stated  guide- 
lines for  engineering  designers  which  will  give  equal  earth- 
quake resistance  to  all  parts  of  a structure  and  will  give  the 
desired  overall  resistance  to  the  structure  itself.  To  achieve 
this,  the  seismic  design  criteria  must  restate  a complex 
problem,  that  has  unknowns  and  uncertainties,  into  an 
t^nambiguous,  simplified  form  that  takes  into  account  the 
urKertamties  of  seismic  hazards,  material  properties  and 
structural  behavior.  The  criteria  should  be  formulated  by  the 
protect  engineer,  taking  into  account  all  the  degrees  of 
conservatism  introduced  in  the  sequence  of  design  steps. 


78-122.1 

A Dilemnia:  Noiar  Abalement  at  General  Aviation 
Airport! 

A S Harris 

EJolt  Boranek  and  Newman,  Inc  , 50  Moulton  St., 
Cambridge,  MA  02i38,  Noise  Control  Engr.,  10  (2), 
pp  80  84  (Mar/Apr  1978)  1 fig,  2 tables,  8 refs 

Key  Wordi:  Aircraft  none.  Nolle  reduction.  Standard!  and 
code! 

The  author  diacuties  e two-phase  study  of  aviation  noise. 
In  Phase  I the  noise  problem  was  described  by  compiling  a 
data  base  from  which  specific  regulatory  steps  could  be 
drawn.  During  Phase  II  an  investigetion  was  made  of  the 
various  operational  problems,  airport  restrictions,  and  reg- 
ulatory actions  that  would  be  necassary  to  implement  the 
noise  abatement  goal. 


SURVEYS  AND  BIBLIOGRAPHIES 


78-1224 

(aomputer  Prof^ramt  for  the  Directional  Rciponac  of 
Hi|(hway  Vehicles 

J.E.  Bernard 

Dept  of  Mech.  Engrg.,  Michigan  State  Univ.,  East 
Lansing,  Ml,  Shock  Vib  Dig.,  (5),  pp  3 8 (May 
1978)  1 fig,  33  refs 


Kay  Wordi:  Reviews,  Computer  programs.  Ride  dynemici, 
Mathematical  models,  Ttres,  Brakes  (motion  arrestors), 
Suspension  systems  (vehicles) 

This  review  delineates  the  state  of  the  art  in  the  simulation 
of  the  directional  response  of  highway  vehicles.  Modeling 
of  tires,  brakes,  and  suspensions  is  stressed.  Two  peripheral 
matters  * path-following  techniques  and  the  choice  of 
computer  hardware  - are  also  considered. 


78-1225 

On  Seiamic  Wavea.  Part  1:  Introduction 

S.  De 

Old  Engrg.  Office,  (Qrs ) Santiniketan.  Birbhurn, 
West  Bengal,  India.  Shock  Vib.  Dig,,  10  (5),  pp  11 
16  (May  1978)  5 figs,  1 table,  8 refs 

Key  Words:  Reviews.  Seismic  waves 

This  review  outlines  the  mathematical  methods  used  to  study 
seismic  waves  and  theroetical  developments  associated  with 
body  waves,  surface  waves,  and  free  oscillations  of  the  earth. 
It  is  published  in  four  parts:  introduction;  surface  and 
guided  waves;  and  mathematical  methods 


78-1226 

Parametric  Vibration.  Part  V:  Stochaatic  Problema 

R A.  Ibrahim  and  J.W  Roberts 
Arab  Organization  for  Industrialization,  Sakr  Factory 
for  Developed  Industries,  P.O  Box  33,  Heliopolis, 
Cairo,  Egypt,  Shock  Vib.  Dig.,  (5).  pp  1 7 3F 
(M.jy  *78)  5 figs,  33  refs 

Key  Words:  Reviews,  Parametric  vibration.  Stochastic 

processes 

This  final  article  of  the  series  is  a review  of  published  work 
on  the  stebility  end  response  of  lineer  ernf  nonlineer  vibre- 
tory  systems  urtder  rendom  peremetric  excitetion.  It  is  con- 
cerned principelly  with  work  thet  is  directly  relevent  to 
ectuel  problems  in  engineering  dynemics  end  structurel 
vibretion.  The  three  methods  most  widely  used  to  enelyze 
rertdom  vibretion  problems  ere;  the  Fokker-Plenck  nrtethod, 
the  everegmg  method,  end  the  Liepunov  direct  method. 
The  results  obteined  with  then  epproeches  ere  reviewed, 
erKl  edditionel  methods  that  have  been  applied  to  specific 
problems  are  considered.  Published  experimental  work  and 
analog  computer  studies  are  deKnbed. 
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Bibliography  of  Karthqiiake  Kagineering 

K.  Kanai 
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Dept,  of  Civil  Enqrg.,  Columbia  Unlv  , Now  York, 
NY,  Hept  No.  NSE/HA  7/0304,  NSF/ENV  73- 
07706  2,  600  pp  (Au<)  1977) 

PB276  249  r/GA 

K«v  Words:  Bibliographies,  Earthquake  resistant  structures. 
Earthquake  damage.  Interaction,  soil-structure 

This  bibliography  o(  earthquake  engineering  literature  is 
comprised  of  published  articles  up  to  the  year  1971.  Main 
topic  areas  include:  earthquakes;  ground  vibrations;  ground; 
structures,  earthquake  damage;  earthquake  resistant  struc- 
tures and  earthquake  resistant  design;  and  foreign  countries 
Iseismic  intensity,  seismicity,  earthquake  damage,  earthquake 
resistance  regulations).  The  list  consists  of  the  reference 
number,  author's  name,  title  of  the  paper,  and  name,  volume, 
year,  and  page  of  the  source  in  which  the  paper  was  pub- 
lished. 


MODAL  ANALYSIS  AND  SYNTHESIS 


78-1228 

Kesponae  of  Periodic  Slructurea  by  Modal  Analysia 

R C E nrjdls  and  I Meirovitch 
Oepi  of  Engrtj.  Science  anrl  Merrh.,  Virrjini.3  Poly 
technic  Inst  and  State  Univ  . Blacksburg,  VA  24061 , 
J.  Srjund  Vib  , (4),  (ip  4B1-493  (Feb  22,  1978) 

9 firjs,  9 refs 

Key  Words:  Modal  analysis.  Periodic  structures 

A periodic  structure  is  a structure  consisting  of  identical 
substructures,  coupled  together  in  identical  ways  to  form 
the  complete  system.  The  undamped  response  of  such  a 
system  is  derived  by  using  a modal  analysis  technique.  The 
procedure  allows  for  arbitrary  loads  and  lakes  full  advantage 
of  the  periodic  properties  of  the  structure.  The  algorithm 
is  based  on  a technique  previously  developed  by  the  authors. 


COMPUTER  PROGRAMS 


GENERAL 

(Also  see  No  1724) 

78-1229 

Method  of  I*  an  Sound  Mode  Stnicture  Determination 
Computer  Program  (leer's  Manual:  Modal  Calculation 


Prrtgrain 

C.f  . Pickett,  R A Wells,  Hnd  R A Love 
Commercial  Products  Div.,  Pratt  and  Whitney  Air- 
craft Group,  East  Hartford,  CT,  Rept.  No  NASA- 
CR  136295;  PWA  6664-5,  74  pp  (Aug  1977) 
N78-17066 

Key  Words:  Fans,  Modal  analysis.  Computer  programs 

A computer  user's  manual  describing  the  operation  and  the 
essential  features  ol  the  Modal  Calculation  Program  is  pre- 
sented. The  modal  Calculation  Program  calculates  the  am- 
plitude and  phase  ol  modal  structures  by  means  of  acoustic 
pressure  measurements  obtained  from  microphones  placed 
at  selected  locations  wthin  the  fan  inlet  duct.  In  addition, 
the  Modal  Calculation  Program  also  calculates  the  first-order 
errors  in  the  modal  coefficients  that  are  due  to  tolerances 
in  microphone  location  coordinates  and  inaccuracies  in  the 
acoustic  pressure  measurements. 


ENVIRONMENTS 


ACOUSTIC 

(Also  see  Nos  1218,  1223,  12b4,  1276,  1279,  1300,  1306) 


78-1230 

On  the  Reaolvent  of  the  Pekeria  Operator  with  a 
Neumann  (londition 

D.  Habault  and  P.,)  T,  Filippi 

Laboratoire  de  Mccaniquu  et  d'Acoustique,  Centre 
National  de  la  Recherr;he  Scientifique,  13274  Mar- 
seille CiKfex  2,  France,  ,).  Sound  Vib.,_56  (1),  pp  87- 
95  (Jan  8,  1978)  3 refs 

Key  Words:  Sound  waves.  Harmonic  waves.  Elastic  waves, 
Weve  propagation 

A constant  thickness  plane  layer  of  homogeneous  isotropic 
medium  is  limited,  on  one  side,  by  a perfectly  rigid  plane, 
end,  on  the  other  tide,  by  a second  homogeneous  isotropic 
medium  occupying  the  half-space.  The  sound  pressure  due 
to  a harmonic  point  spherical  source  it  studied.  An  exact 
representation  ol  the  solution  it  given  for  both  positions 
of  the  source  outside  of  or  within  the  layer. 
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78-1231 

Kefkxion  of  a Spherical  Wave  by  the  Plane  Inter- 
face Between  a Perfect  Pluid  and  a Poroua  Medium 

P J.T.  F ilippi  and  D.  Habault 

Laboratoire  dfi  Mecanique  et  d'Acoustique,  Centre 
National  de  la  Recherche  Scientifique,  13274  Mar 
soille  Cedex  2,  Franco,  J Sound  Vib.,  ^ (1 ),  pp  97 
103  (Jan  8,  1978)  10  refs 

Key  Words:  Sound  waves.  Acoustic  scattering,  Fourier 
transformation 

By  using  the  Fourier  transform  of  the  system  of  equations 
and  continuity  conditions,  the  Fourier  transform  of  the 
solution  is  obtained.  This  last  function  is  decomposed  into 
several  terms  which  are  identified  as  Fourier  images  of 
known  functions.  An  exact  representation  of  the  scattered 
sound  pressure  field  is  obtained  at  a combination  of  the 
radiation  of  the  image  source  and  layer  potentials.  Approxi- 
mations are  given  when  the  point  spherical  source  it  located 
on  the  interface. 


78-1232 

Reaonancc  Theory  of  Klaatic  Wave  Scattering  From 
a Cylindrical  Cavity 

A J Hatiq,  S.G.  Solomon,  and  H Uberall 
AppI  Physics  Lab.,  Johns  Hopkins  Univ.,  Silver 
Spring,  MD  20910,  J Sound  Vib  (1),  pp  51  58 
(Mar  8,  1978)  2 figs,  17  refs 

Key  Words:  Wave  diffraction.  Elastic  waves.  Cavities,  Cavity 
resonators 

Resonant  excitation  of  a fluid-filled  cylindrical  cavity  in 
an  elastic  medium  by  an  incident  comprattional  wave  it 
investigated  on  the  basis  of  the  resonance  theory  of  nuclear 
scattering.  The  resonances  may  be  analyzed  by  studying  them 
separately  in  each  partial  wave  of  the  normal-mode  series. 


78-1233 

Scatterini;  of  P and  S Wavca  by  Spherical  Incluaiona 
and  Cavitiea 

D.L.  Jain  and  R.P  Kanwal 

Dept,  of  Mathematics,  Pennsylvania  State  Univ  , 
University  Park,  PA  16802,  J.  Sound  Vib  , ^ (2), 
pp  171-202  (Mar  22,  1978)  10  figs,  11  refs 

Key  Words:  Compression  waves,  Secondary  waves.  Wave 
diffraction,  Inclutiont,  Spherical  cavities 

The  toiutiont  are  presented  for  six  problems  of  the  scattering 
of  low  frequency  plane  harmonic  elastic  P arKf  S svaves  when 


they  impinge  on  a movable  or  an  immovable  rigid  spherical 
inclusion  or  a spherical  cavity.  In  each  problem,  the  scatterer 
is  embedded  in  an  infinite  homogeneous  isotropic  elastic 
medium.  Formulas  are  derived  for  the  scalar  wave  functions, 
components  of  the  displacement  vectors,  stress  tensors, 
far  field  amplitudes,  scattering  cross-sections  and  dynamic 
streu  intensity  factors. 


78-1234 

Fffecti  of  Grazing;  Flow  on  the  Steady-State  Flow 
Keidxtance  and  Acouatic  Impedance  of  Thin  Poroua- 
F'aced  Liners 

A S.  Hersh  and  B.  Walker 

Hersh  Acoustical  Engrg.,  Chatsworth,  CA,  Rept. 
No  NASA-CR  2951 , 80  pp  (Jan  1978) 

N78-17822 

Key  Words:  Acoustic  linings.  Porous  materials.  Acoustic 
impedance 

The  effects  of  grazing  flow  on  the  steady  state  flow  resis- 
tance and  acoustic  impedance  of  seven  Feltmetal  and  three 
Rigimesh  thin  porous  faced  liners  were  studied.  The  steady- 
state  flow  resistance  of  the  ten  specimens  was  measured  using 
standard  fluid  mechanical  experimental  techniques.  The 
acoustic  impedance  was  measured  using  the  tvso  microphone 
method. 


78-1235 

Design  of  IMulti-Screen  Flow  Kxpanders  for  Noise 
Reduction 

J.  Sentek 

Univ.  of  Mining  and  Metallurgy,  Cracow,  Poland, 
J.  Sound  Vib.,  ^(4),  pp  509-519  (Feb  22.  1978) 
13  figs,  6 refs 

Key  Words:  Exhaust  systems.  Noise  generation.  Noise 
raduction 

A method  is  presented  of  designing  an  expander  srtd  selectirtg 
its  flow  characteristics,  for  an  expander  in  which  low  veloc- 
ities in  Individual  stages  can  be  arbitrarily  chosen. 


78-1236 

Noise  From  Small  Air  Jets  and  a Quiet  Valve 

T W Lancey 

Faculty  of  Mech.  Engrg.,  California  State  Univ,, 
Fullerton,  CA  92634,  J.  Sound  Vib.,^  (1),  pp  35- 
40  (Mar  8,  1978)  6 figs,  10  refs 
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Key  Words:  Noise  generation,  Nozzles,  Valves 

Noise  measurements  of  air  jets  of  from  0.0794  to  0.635 
cm  diameter,  with  jet  exit  velocity  varying  from  54  to 
244  m/s,  to  frequencies  of  100  kHz  are  presented.  Results 
are  compared  to  those  previously  obtained  for  larger  nozzles; 
acoustical  power  spectral  density  curves  are  found  to  be 
similar  to  those  for  the  larger  nozzles  at  like  velocities. 
Results  of  a noise  survey  conducted  near  a 0.127  m line  size 
quiet  vent  valve  having  approximately  20  000  square  jets, 
0.1 27  cm  on  a side  are  presented. 


78-1237 

liae  of  Coherence  and  Phaae  Data  Between  Two 
Receivers  in  Evaluation  of  Noiae  Environments 

A G Piersol 

Bolt  Beranek  and  Newman,  Inc.,  21120  Vanowen 
St  , Canoqa  Park,  CA  91303,  J.  Sound  Vib  , ^ (2), 
pp  215  228  (Jan  22,  1978)  13  figs,  11  refs 
Sponsornd  by  NASA,  Ames  Research  Center 

Key  Words:  Noise  source  identification.  Noise  reduction. 
Coherence  techniques.  Phase  data.  Wind  tunnel  tests 

In  certain  well  defined  cases,  the  angular  location  and  con- 
tribution of  a distant  source  to  the  noise  at  a receiver  loca- 
tion can  often  be  established  by  a simple  evaluation  of 
coherence  and  phase  data  between  two  closely  spaced  re- 
ceiver transducers,  coupled  with  reasonable  assumptions 
concerning  the  physics  of  the  receiver  acoustic  field.  Al- 
though such  techniques  are  well  established  in  theory, 
they  have  not  been  widely  applied  to  noise  control  engi- 
neering problems,  probably  because  of  various  practical 
difficulties,  including  those  posed  by  reverberation  effects. 
The  purpose  of  this  paper  is  to  outline  the  basic  principles 
involved  in  the  analysis  procedure,  and  to  illustrate  its 
application  in  the  preserve  of  reverberation  effects  by  using 
data  from  a wirnf  tunnel  noise  evaluation  experiment. 


78-1238 

EotnpariMHi  of  Hii^hway  Noiae  Prediction  Modcla 

K J Plotkinand  H G Kunicki 

Wyle  Labs /Wyle  Rf'search,  Arlington,  VA,  Rept 
No  WR  76  25,  f PA/550/9  77/355.  46  pp  (May 
1977) 

PB2/6  710/1GA 

Key  Words;  Traffic  noise.  Noise  prediction.  Mathematical 
models 

A review  and  comparison  has  been  corfductad  of  three 
hif^way  noise  prediction  models:  NCHRP,  TSC,  and  Wyle. 
The  first  two  are  those  approved  by  the  Federal  Highway 
Administration,  the  third  was  developed  for  EPA.  The 


elements  comprising  each  model  are  analyzed  in  detail, 
including  basic  formulation,  vehicle  noise  levels,  propaga- 
tion, treatment  of  various  road  geometries,  ar>d  shielding  by 
barriers.  Significant  differences  among  the  models  were 
found.  A senes  of  charts  is  presented  whereby  differences 
among  the  models  may  be  estimated  for  particular  input 
data.  Comparison  between  measured  roadside  levels  and 
predictions  from  the  three  models  are  also  presented. 
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A Manual  for  the  Review  of  lli(;hway  Noiae  Impact 

B H Shdrp,  K.J.  Plotkin,  P K Glenn,  and  R M 
Slone,  Jr 

Wyle  Labs. /Wyle  Research,  Arlington,  VA  , Repi. 
No.  WH  76-24,  EPA/b50/9  77/356,  71  pp  (May 
1977) 

PB-276  509/7GA 

Key  Words:  Traffic  noise.  Noise  prediction.  Manuals  and 
handbooks 

A manual  has  been  prepared  which  presents  a procedure 
for  reviewing  noise  impact  of  proposed  highway  projects. 
The  manual  reviews  Federal  Highway  Administration  policy 
for  noise  impact,  and  includes  specific  steps  for  reviewing 
environmental  impact  statements  and  noise  study  reports 
prepared  for  proposed  highway  projects.  The  noise  policy 
of  the  Department  of  Housing  and  Urban  Development  and 
noise  levels  identified  by  the  Environmental  Protection 
Agency  are  also  reviewed,  so  that  a complete  assessment  of 
the  impact  of  expected  noise  may  be  made.  A noise  pre- 
diction model,  consisting  of  charts,  nomograms,  and  simple 
equations,  is  presented  so  as  *o  enable  an  independent 
check  of  predicted  levels  presented  in  an  EIS.  The  noise 
model  (which  includes  barriers)  is  itself  suitable  for  pre- 
dicting roadside  noise  levels. 


78-1240 

ShicldiiiK  of  Noiae  from  Slaliatically  Stationary 
Ti  ffic  Kiowa  by  Simple  Obataclea 

KW  Y(iow,  N Popplowell,  and  J F W Mackay 
Faculty  of  tngrg.,  Univ,  of  Malaya.  Kuala  Lumpur. 
Malaysia,  J,  Srjund  Vib.,  52  (2),  pp  203  224  (Mar  22, 
1978)  6 figs,  10  refs 

Sptjnsfjred  by  the  National  Fles  Council  of  Canada 

Key  Words:  Traffic  noise,  Noise  barriers 

The  effect  of  neighboring,  smooth  obstacles  on  the  sound 
generated  by  statistically  stationary  traffic  movements  is 
analyzed  for  simple  but  realistic  practical  situations.  Dimen- 
sions of  obstacles  like  buildings  are  assumed  much  larger 
than  the  predominant,  A-weighted  wavelength  of  traffic 
noise  so  that  diffraction  may  be  neglected. 
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Two  Pi»inl  (loirrlalHiiiK  of  J*-t  Noim; 

H S Rihnor 

Inst,  for  Aiitos|ia(.r;  Sturfiiis,  Univorsity  of  Toronto, 
IJownsviow,  Ontario,  Canaria  MJH  bfC,  I Sound 
Vib  , (1),  pp  1 I'l  (.Ian  H,  19/8)  12  ti<)s,  23  tOs 

Key  Words.  Aircraft  no»$«.  Jet  noise.  Noise  rneaso'i-rnent. 
Correlatiort  techniques 

A tarqe  (xxly  of  careful  experiniental  rneasu  remen  is  of  two 
point  broad  band  correlations  of  far  field  jet  noise  has  been 
carried  out  ar>d  was  briefly  reporteri  recently  by  t.ucio 
Maestrelio  in  NASA  TM  X-7283b.  The  rather  shaip  direc 
tional  lobes  aruf  marked  af)sence  of  axisymmetry  were 
striking  and  motivated  the  present  effort  to  brinq  theory 
to  bear.  The  morJel  of  let  noise  generation  is  an  approximate 
version  of  an  earlier  work  of  Ffibner,  based  on  the  lounda 
tions  of  LiqhthiM.  The  model  incorprirates  isotropic  tur 
bulence  superimposed  on  a specified  mean  shear  flow,  with 
assumed  space  time  velocity  correlations,  but  with  source 
convection  neglected.  The  particular  vehicle  is  the  Proudman 
format,  and  the  previous  work  fmean-square  pressure)  is 
extended  to  display  the  two*point  space  tune  correlations 
of  pressure.  The  shape  of  polar  plots  of  correlation  is  found 
to  derive  from  tvro  mam  factors  the  non-compactness  of 
the  source  region,  which  allows  differences  in  travel  times  to 
the  two  microphones  - the  dominant  effect  - and  the  direr 
tivities  of  the  constituent  quadrupoles  » a weak  effect-  The 
non -compactness  effect  causes  the  directional  lobes  in  a 
polar  plot  to  have  pointed  lips  feusps)  and  to  f>e  especially 
narrow  in  the  plane  of  the  jet  axis. 
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Computalion  of  Kxlrnial  Kxrittfi  Kandoiii  Onrilla- 
lionx  of  Solid  Conliiiua  (Km-rhoiin)'  voii  fmodrr- 
mi^lrn  /.ufadlHM'hwin|>unj>i-ii  ((-Nlrr  Konliniia) 

K Hnnniq  M T noririf  h,  dml  1 Koiifcl 

AkufJornio  (ior  Wissi.-osi.hHflen  dor  DOH.  /onlr.il 

instiliit  f Math(>riiatik  iind  M'm  iianik , Maw:hini'!i 

bautochnik , (11),  P()  498  49^)  (Nov  1977)  b fur., 

10  rots 

(In  (ierrnnn) 

Key  Words:  Random  excitation.  Continuum  machanict 

Semidiscratn  methods  for  the  approximation  of  randomly 
excited  continuum  vibration  problems  ere  presented.  In  an 
example  the  effect  of  wind  loads  on  a cantilever  is  calculated 


78-124.3 

A Theory  of  (he  (irealeet  .Maximum  Kexpoiiw  of 
Linear  Slrurtiirea 

N A.N  Youssef  and  N.  Popfilcwoll 
Dept  of  Moch  Fnrjrg  , Univ.  ol  Manitoba,  Winniporj, 
CanaOi,  J.  Sftund  Vib.,  bb  (1),  (ip  21  33  (Jan  8, 
1978)  b (igs,  21  refs 

Key  Words.  Random  excitation.  Maximum  response,  Uy 
njmic  response 

A general  theory  is  developed  to  estimate  the  qreatest  maxi 
mum  response  of  linear  structures  sub)ected  to  deterministic 
or  random  excitations.  The  analysis  utilizes  the  prolate 
spheroidal  wave  functions  and  the  uncertainty  principle. 
Such  a technique  is  useful  in  checking  the  results  of  different 
methods,  which  may  involve  tedious  calculations,  for  finding 
the  lesimnse  spectra  of  impulsive  loads  without  knowing 
the  load  shape,  or  in  designing  seismic  structures.  The  ap 
plications  are  illustrated  by  simple  vibrating  oscillators 
exposed  to  short  or  tong  duration  loads. 


SEISMIC 

(Srre  Nos.  1221,  1222,  122b,  1227.  1323, 

1332,  1334.  133b,  1336) 


SHOCK 

(Also  sfK*  Nos.  1298,  1320) 


78. 1244 

t^uiptnent-Slnicture  Interaction  at  High  Frf*<|ueiicieN 

J M Kiilly  .'tnd  J L Sackmdn 

Woidlinfier  Asst)cicites,  Monlo  Park.  CA.  Hept  No 
PH  7702,  fJNA  4298  I . AL)  L3(J0  08b,  /2  pp  (Apr  1 , 
1977) 

AU  AU49  0tt)/6C,A 

Key  Words  Interaction;  structure-founcfation.  Missile 
silos.  Protective  shelters.  Ground  shock 

A series  of  KJeab/etJ  models  are  considered  which  incor- 
(iorate  the  characteristics  of  an  embedment  media,  a struc 
tore  and  internal  eriuipment  The  equipment  has  natural 
frequencies  which  ere  high  comt»afed  with  the  fundamental 
frequency  of  the  structure.  The  purpose  of  the  analysis  is 
to  obtain  exact  solutions  to  the  ideali/ed  model.  These  may 
eventually  be  competed  with  solutions  obtained  by  standard 
structural  dynamics  techniques  to  improve  understanding 
of  the  degree  of  refinement  needr^f  in  modeling  and  to 
provKfe  guidance  for  selecting  ap(>ropriate  numerical  integra- 
tion techniques. 
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Shock-Hardneiw  AaiwfianiKtil  of  Submarine  Kquip- 
nient.  Part  IV  - Interarlion  Phenomena  in  Shock 
Kea|>onarM  of  StruclureH 

R L Sort 

Naval  Research  Lab  , Washington,  D C.,  Hept  No. 
NRLMR36/3,  AD  tOCO  101,  54  pp  (Dec  1977) 
AD  A049  449/i'CA 

Key  Wordi:  Interaction:  itructure-madia.  Shipboard  equip- 
ment reiponte.  Underwater  explolions.  Buildings,  Seismic 
response 

Examples  of  the  significance  of  structural  interactions  on 
the  dynamic  responses  of  structures  are  shown  The  examples 
emphasize  how  reliance  on  calculaterl  responses  of  massless 
oscillators  can  provide  apparently  valid  requirements  for 
dynamx:  design  of  structures  whxih  are  too  large  by  orders 
of  magnitude.  Mott  examples  are  from  the  response  of  ship- 
board equipment  to  shock  from  underwater-explosion 
attacks  but  similarities  in  the  response  of  buildings  to  earth- 
quakes are  pointed  out. 
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Finite  Dynamic  Kxpaninon  of  a Cylindrical  (iavity 
lit  a liypcrclaxtir  .Medium 

A MiorJur.howsk  I dfirl  J.U  Hadfiow 
(7ept.  of  Mech  Knqrr)  , Univ  of  Alfierta,  [drnonion, 
Alberta  TOG  1 , Canada,  Inq  Arcti  (1 ),  pp  21 
26  (1978)  5 figs,  4 refs 

Key  Words  Shock  wave  prrspagation.  Elastic  media 

A numeiical  method  is  proposed  for  the  analysis  of  the 
finite  cylindrically  symmetric  expansion  of  a cylindrical 
cavity  in  an  untrounrJad  isotropic  hyperelastic  compressible 
medium.  Ftesults  obtained  for  a sudden  application  of  pres- 
sure at  the  cavity  surface  am  presented  for  a particulai 
strain  energy  function. 


78-1247 

The  Impact  of  an  Klaatic  Cylinder  on  an  Klaatic 
Solisl 

H Matsuinoto,  I Nakahara,  and  Y Matsuoka 
Tokyo  Inst,  of  Tet.h  , Tokyo,  lapan.  Bull  JSML, 
21  (154),  pp  579  586  (Apr  1978)  6 figs,  13  refs 

Key  Words  Bars,  Halfspace,  Elastic  properties.  Impact 
response  (mechanical).  Shock  wave  protragation 

The  prrrblem  of  the  collision  of  an  elastic  cylintfer  onto  an 
elastK:  solid  is  studied  themeticslly  and  experimentally. 


The  effects  of  the  material  constants  and  the  contact  area 
on  the  time  history  of  the  impact  load  are  analyzed  based 
on  the  dynamic  theory  of  elasticity  lor  the  solid  and  on  the 
one  dimensional  theory  of  wave  propagation  for  the  cylinder. 


PHENOMENOLOGY 


COMPOSITE 


78-124B 

Dynamic  Mechanical  Behavior  of  Composite  Material 
Under  Sustained  Sinusoidal  Stresses 

C.  Hong 

Ph  D.  Thesis,  The  Pennsylvania  State  Univ.,  120  pp 
(19/7) 

UM  7803331 

Key  Words:  Composites,  Laminates.  Dynamic  stability 

This  study  is  concerned  with  the  determination  of  dynamic 
properties  of  a glass  fiber  reinforced  material.  Effects  of 
fiber  orientations,  temperature,  the  magnitude  of  static 
biaxial  stress  and  frequencies  of  sinusoidal  stresses  on  dy- 
namic properties  have  been  studied.  Alio,  a dynamic  bi* 
axial  testing  machine  was  developed  for  the  measurement 
of  dynemic  properties  of  fiber  reinforced  materials  for  a 
low  frequency  range.  Secondly,  the  resonant  strength  criter 
ion  based  on  the  fatigue  strength  and  the  toss  coefficient 
of  the  composite  material  has  been  devnloperi  The  energy 
dissipated  in  the  adhesive  double  lap  joint  /vas  obtained. 


DAMPING 


78-1249 

A Study  on  Damping  (.Capacity  of  a Jointed  Cantilever 
Beam  (lat  Report;  Fxperimental  Reaulta) 

N.  Nishiwaki,  M.  IVIasuko,  Y Ito,  and  I Okumura 
Tokyo  Univ.  of  AgriculturG  & Tech.,  Koganei-City , 
Tokyo,  Japan,  Bull  JSME,  £1^  (153),  pp  524  531 
(IVlar  1978)21  (igs,  5 refs 

Key  Wordc  Jointt  (lunctioni).  Machine  toofi.  Cantilever 
besmi,  Vibretion  demping,  Expurimentel  data 
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The  heavy  machine  louU  are  often  made  of  ^Ided  iteel 
ar>d  at  the  tame  time  a jointed  beam  or  a damping  joint  ii 
often  used.  In  this  paper,  the  reiationthipi  between  the 
frequency  aruj  the  damping  capacity  or  the  tlip  ratio  arxJ 
between  the  damping  capacity  and  the  mode  of  vibration 
have  been  experimentally  studied. 


78-I25U 

An  Introduction  to  the  Problem  of  Dynamic  Struc- 
tural Danipiiii; 

P 5>antini 

AGARO.  Pans,  Prance,  Hcpt  No.  AGARi:)  H f3G3. 
ISBN  92  835  12t)8  5,  7A  pp  (Jan  19/8) 

N/a  170/4 

Key  Words;  Damping,  Mathematical  models.  Coupled 
response 

Major  topics  in  the  area  of  dynamic  damping  are  dosc.ibed. 
A list  of  typical  problems  where  damping  is  of  primary 
importance  is  provided.  Typical  structural  components  are 
considered  and  a brief  account  on  the  effect  of  materials 
is  given.  Mathematical  models  and  interrnodal  coupling  are 
also  examined,  and  the  extreme  difficulty  of  obtaining 
reasonably  accurate  information  from  them  is  emphasized. 
Possible  philosophies  of  ground  tests  and  flight  tests  are 
discussed. 


78-1251 

The  Dampini;  Kffcct  of  an  Impact  Damper 

K YasudiJ  and  M Toyoda 

Facully  of  Engry  , Nagoya  Univ  , Chikusa-ku,  Na- 
goya, Ja()an,  Bull  JSME,  _21  (153),  pp  424  430 
(Mar  1978)  14  figs,  6 refs 

Key  Words:  Impact  dampers.  Damping  effects,  Natural 
frequerKies,  Machinery  vibration 

Impact  dampers  are  sometimes  use<1  fur  reducing  vibtations 
of  machines  and  structures.  The  damping  effect  of  this  type 
of  damper  on  natural  vibrations  is  investigated  experimon 
tally.  The  damping  effect  of  a combined  damper  made  up 
of  two  impact  dampers  was  investigated. 


78-1252 

A Proportionate  Goulomh  and  Viacouxly  Damped 
laolation  Syatem 

W A Bullough  and  M.B.  Foxon 
Dept  of  Mech.  Engrg  , Univ.  of  Sfietfield,  Shf3ffM;ld 
SI  3Jf),  UK,  J.  Scjund  Vib.,  56  (1).  pp  35  44  (JonH, 
19/8)  12  f(gs.8rf»fs 


Keywords:  Viscous  damping 

The  results  of  a computer  study  aimed  at  assessing  the 
usefulness  of  a controllable,  variable  effect,  non-linear  damp- 
er in  a vibration  isolation  system  are  given.  This  is  done  by 
showing  the  effect  on  the  f>erformance  of  a simple  model 
suspension  system  of  the  addition  of  a controllable  spring/ 
damper  link.  The  damping  characteristic  of  the  controllable 
element  is  that  of  a viscous  damper  with  a threshold  force 
required  to  move  it,  the  viscous  rate  is  fixed  whilst  the  thres- 
hold force  IS  pie-selectixf. 


78-1253 

Arialyais  of  Krirlion  Vibration  Dampers 

IJ.W  AlspaiKjh 

School  of  Aeronautics  and  Astronautics,  Purdue 
Univ..  West  lafayeiie,  IN  4/90/,  J Sfjund  Vib  , 
57  (1 1,  [)p  65  /B  (Mar  8,  19/8)  17  figs,  4 refs 

Key  Words:  Coulomb  friction.  Vibration  damping.  Periodic 
response 

An  analysis  of  the  steady  state  response  of  a rotational 
Coulomb  friction  vibration  damper  has  been  carried  out. 
Such  dampers  are  sometimes  used  in  various  industrial 
applications.  Analysis  of  the  steady  state  phase  plane  is  used 
to  determine  various  response  quantities  such  as  amplitude 
ratio,  phase  lag,  energy  dissipated  per  cycle,  and  rmt  power 
loss.  The  analysis  shows  that  the  response  can  be  categorized 
into  one  of  three  main  types.  Expressions  are  devoloperf 
to  predict  effect  of  the  addition  of  a damper  on  the  power 
and  the  disturbance  amplitude  transmitted  to  the  load. 


FLUID 
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Idnntificatiun  of  Moden  in  Soin«  Condilioni  of 
Sound  Propagation  in  Shallow  Water 

C,  G;i2anh(is,  J.P  Sessarego,  and  J L Gamior 
Dopl.  of  Acoustics,  Cunire  National  de  la  Huchorcho 
Scientiflqoe,  1S274  Marsnille  Codox  2,  franco,  J. 
Sound  Vib.,  56  (2),  pp  251  259  (Jan  22,  1978) 
10  tigs,  1 tablii,  H rots 

Key  Words:  Underwater  sound,  Sound  propagation 

Pekaris'  ttieory,  concarning  prublems  ul  sound  propagation 
in  shallow  water,  has  been  used  to  study  the  possibilities  of 
a spatial  filtering  of  some  inodes.  In  this  study  a paiticular 
set  of  receivers  and  signal  processors  have  been  tested  ex 
parlmentally  for  different  propagation  conditions,  with  the 
use  of  a reduced  scale  modal  satisfying  Pakaris'  hypotheses. 
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Key  WortU  Intaruction  structure  fluid 

Some  appiOMimate  methods  of  calculating  the  response 
of  structures  sut>merg(Ni  ir)  an  infinite  acoustic  fluid  are 
consideiml 
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Key  Worils  Flutter,  Vibfation  control.  Wind  induced 
excitation 

An  Optimisation  proerniure  is  developed  based  on  the  re- 
sponses of  a system  to  continurjus  gust  inputs.  The  pro 
ceduie  uses  control  law  transfer  functions  which  have  been 
partially  deterrmneri  fjy  using  the  relaxed  aerodynamic 
energy  af)proacfi  The  optimi/at.on  procedure  yields  a 
flutter  -.»uppressinn  system  which  nnmmi/es  control  surface 
activity  Ml  a gust  environment  The  procrniure  is  applied 
to  wing  flutter  of  a dronri  aircraft. 


EXPERIMENTATION 


BALANCING 
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Kalain  iii)r  ol  Holaliiig  SyNlr*tiiM  During  Operation 

1 V.jii  I M;  VrwiI*:  M 1 L.ikr^ 

hi*pl  of  1 P'lrij  IJiHV  r>l  (rrfonin,  foriM.tO, 
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(Mdf  ?'?,  19/8)8  fMJS,  1 Tfif.lr*.  l7of 

Key  Worrh  Balancing  tecImMtues,  Rotating  structures. 


A system  has  l>een  developed  anrj  tested  for  the  balancing 
of  rotating  systems  without  interrupting  operation.  Several 
procedures  are  proposed  for  balancing,  in  which  only  rnea 
surements  of  the  f>earing  vibrations  are  used  Large  genera 
tors,  turbines,  fans,  iiurnps.  and  compressors  are  potential 
applications 
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Key  Words  Acoustic  signatures.  Diagnostic  techniques 

A systematic  a|j|iroach  is  «Jeveloped  for  the  design  of  a 
signature  analysis  system  for  either  on  line  product  quality 
assurance  or  filant  maefnnery  condition  rnomtonny  The 
profiosed  approach  involves  the  following  steps  acquiring 
an  understanding  ol  the  physical  riature  of  the  dinnee  to  be 
analyzed,  identifying  gererating  phenomena  whicfi  reflect 
the  operating  condition  of  tfie  ifevice.  choosing  a m«;asurable 
Signal  ot  signals  which  directly  or  indirectly  result  fiom  the 
generating  phenomima.  ofjserviny  the  signals  or  then  trans 
formations  for  each  r.ondition  of  o()eralion,  specifying 
unique  signature  features  uf  the  signals  or  transformed 
Signals,  selecting  computable  measures  which  describe  tea 
lure  characteristics  as  scalai  quantities,  developing  a decision 
routine  or  thresholds  fm  cliissifying  each  operating  condition 
using  the  scalar  measures,  and  verifying  and/or  improving 
the  reliability  of  the  developeri  system 


78  I2.V) 

(.eiitrali'/.ed  Vibration  Diagiio.stic  I'arilily  at  hanley 
Town  Station 

Noi-ii?  Contrul  \/ib  liol.itiuri.  9 (1),  pit  ]{)]/  10 J 
(Mdi  19/8/  :i  liqs 

Key  Word*.  Diagnostic  instromentaiion.  Nuclear  power 
plants.  Rotating  struc  tuies 

An  automatic  rundown  vihratiori  data  ac<tuiiition  system 
IS  rfescribtHf  In  it  the  Vibro  Meter  was  srdecterf  to  supply 
a system  employing  pie/ijelectnc  accelerometers  wdh  in 
t«M|ral  electronics  and  heavy  duty  stainless  steel  water  proof 
flexible  conduit  tubing 
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78-1260 

Helicopter  Health  Monitoring 

N t Trigg 

Helitune,  Ltd  , Noise  Control  Vib  Isolation,  9 (3), 
pp91  97  (Mar  1978)  13  figs 

Kay  Words:  Oiagnottic  techniques,  Helicopter  rotors 

The  author  examines  the  various  techniquas  used  on  heli- 
copters for  engine  and  gearbox  surveillance,  considers  main 
and  tail  rotor  balancing  and  tracking,  and  the  vary  latest 
method  of  vibration  signature  analysis  and  monitoring. 


78-1261 

Vibration  Spectrum  Analyiii:  Foolproof  Quality 
Control 

Power  Transrri  Des.,  20  (4),  p 55  (Apr  1978)  3 figs 

Kay  Words:  Diagnostic  instrumentation.  Spectrum  analysers 

The  application  of  a real-time  spectrum  analyzer  to  the 
diagnostics  of  mechanical  or  electromechanical  devices  is 
described. 


78-1262 

Farfy  Warning  Syitem  for  Rotating  Equipment 

Diesel  Gas  Turbine  Prog  , 34  (5),  pp  64-65  (May 
1978)  4 figs 

Kay  Words  Diagnostic  instrumentation,  Wave  analyzers, 
Torsional  vibrations.  Vibration  signatures.  Rotating  struc- 
tures 

Two  instruments  for  In-flald  measurement  of  torsional  vibra- 
tion, which  use  the  F-M  technique  artd  incorporate  a wave 
analyzer  are  datcribad.  They  are  a torsional  order  analyzer 
and  a vibration  signature  analyzer.  They  accept  inputs  from 
magnetic  as  wall  as  optical  encoders,  and  analyze  the  dif- 
ferent angina  orders  in  units  of  peak  angular  displacement. 
The  unit  uses  a narrow  bandpass  filter  that  locks  onto  tha 
programmed  order  or  half  order  and  than  tracks  it  through 
two  selectable  rpm  ranges. 


78-1263 

Signature  Analyria  Syatema  with  Fourier  Analyzer 

Noisr;  Control  Vib  Analysis,  9 (3),  pp  81-83  (Mar 
1978)  10  figs 

Kay  Words:  Diagnostic  instrumentation,  Fourier  analysis. 
Signal  procassing  techniques.  Rotating  structures 


Solution  of  noise,  vibration,  and  failure  problems  by  using 
a signature  analysis  package  with  a Fourier  analyzer  are 
described.  Tha  system  measures  signals  generated  by  rotating 
machinery,  stores  these  signals  lor  signatures)  on  a magnetic 
disc,  analyzes  the  data  and  plots  the  information  in  a variety 
of  formats.  Intended  for  those  who  build,  test  or  use  rotating 
and  reciprocating  machinery,  tha  signature  analysis  system 
can  be  applied  to  design  analysis,  production  quality  control, 
preventive  maintenance  and  noise  and  vibration  studies. 


INSTRUMENTATION 


78-1264 

Pieudo  Continuoui  Wave  Acouatic  Initrument 

J.S.  Heyrnan 

Langley  Res  Center,  NASA,  Langley  Station,  VA. 
Rept.  No.  NASA  Case  LAR  12260  1.  US  Patent 
Appl-SN-858763,  12  pp  (Dec  8,  1977) 

N78  17821 

Kay  Words:  Acoustic  measuring  instrumants 

A device  for  measuring  acoustic  properties  and  their  changes 
in  a sample  of  liquid,  gas,  plasma  or  solid  is  described  A 
variable  frequency  source  is  applied  to  the  sample  by  means 
of  a transducer  to  produce  sound  waves  within  tha  sample. 
The  application  of  the  variable  frequency  source  to  the 
sample  is  periodically  Interrupted  for  a short  duration. 


78-1265 

Amplitude  and  Statiatical  Diatributiun  Analyzera 

A.L.  Stolberg 

Metrosonics,  Inc.,  Rochester,  NY,  S/V,  Sound  Vib  , 
12.(3),  pp  56-57  (Mar  1978)  7 figs 

Key  Words:  Noise  measurement.  Measuring  instrumants. 
Statistical  analysis 

The  article  discusses  statistical  distribution  analyzers  which 
are  sophisticated  instrumants  designed  to  gather  sound 
level  data  and  automatically  compute  amplitude  descriptors. 
Basically  they  are  a combination  of  sound-level  meters  ai>d 
digital  processors.  Acoustical  signals  are  amplified  and 
weighted  in  an  analog  format  as  in  a aourKf-iev«l  meter 
The  signals  are  then  converted  to  digital  format  for  computer 
analysis  and  storage.  Amplitude  and  siatistical  distribution 
analyzers  are  used  lor  measuring  the  fluctuating  environ- 
mental noise,  such  as  traffic  or  occupational  noise,  requiring 
a statistical  approach  lor  meaningful  correlations. 
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78-1266 

Noiht  Dottifiielrr  Update 

J P Seller 

Mine  S>afetv  arid  Health  Administration,  Pittsl)ur(jh, 
PA.  S/V,  Sotir^d  Vib.,  12  (3),  vv  32  33  (Mar  1978) 
1 table 

Key  Words;  Noise  measurement.  Measuring  instruments. 
Standards 

During  the  past  year,  a number  of  new  dosimeters  have 
appeared  commercially,  a number  of  old  dosimeters  have 
been  discontinued,  new  evaluations  of  various  dosimeters 
have  been  conducted  and  published,  and  work  has  continued 
on  defining,  designing  and  testing  a time  resolvtxf  dosimeter. 
Also,  work  IS  continuing  in  the  development  of  an  ANSI 
dosimeter  standard,  and  various  governmental  agencies  have 
incorporated  dosimeters  into  their  noise  exposure  monitor- 
ing programs.  This  article  will  discuss  the  current  state  of 
each  of  these  topics. 


78-1267 

Sound-l^evH  Meters 

J M Ster.'lfj 

(jenHcjd,  Inc.,  Bolton,  MA,  S/V,  Sound  Vib.,  12  (3), 
ft{j 'K)  31  (Mar  19/8}  1 iif).  3 refs 

Key  Words  Sourtd  level  meters.  Standards,  Measuring 
instruments 

Frequently,  the  applied  accuracy  of  a precision  or  general 
purpose  sound-level  meter  is  not  as  good  as  the  accuracy 
that  the  user  may  expect,  basmi  on  the  standards  that  control 
the  sour>d-levei  meter.  The  por)rer  accuracy  may  be  caused 
by  the  nature  ot  the  signal  to  be  measured,  or  be  a result 
of  limitations  of  the  instrument,  measurement  technique  of 
the  user,  or  the  environment  in  which  the  measurement  is 
made.  These  limitations  are  examined  in  detail. 


78-1268 

Perfoniianre  CiliaractpriMtH'H  and  the  Seieetioii  of 
ArreJrroiiieterH 

J Wilsrjn 

f rKievco,  San  Juan  Capistrano,  CA  , S/V.  Sound  Vib  , 
12(3),pp  24  29  (Mar  19/8)  6 figs 

Key  Words;  Accelerometers,  Vibration  measurement, 
Measurir>q  instruments 

Basic  accelerometer  characteristics  needed  in  the  attainment 
of  high  fidelity  shock  anrl  vibration  test  data  are  discussed. 
They  are  the  mass  loading  errors,  mounting  effects  on  per- 
formance, transverse  sensitivity,  amplitude  range  and  linear- 


ity. sensitivity  change  with  temperature,  transducer  strain 
effects,  transient  temperature  effects  on  the  transrfucer, 
acoustic  noise,  and  FIF  and  magnetic  fields 
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Kvsrylhinj'  You've  W allied  to  Know  Alioiil  Mea- 
Mureiiient  MH-roplioiieti 

W.R.  Kundert 

GenKad,  Inc.,  Bolton,  MA,  S/V,  Sound  Vib  , IV  IS), 
lil>  10  23  (Mat  1978)  20  titis,  0 tables 

Key  Words;  Measuring  instruments,  Microphones 

The  purpose  of  this  article  is  to  acquaint  the  readei  with 
the  performance,  environmental  characteristics,  and  a()plica 
tions  of  three  basic  types  ot  measurement  microphones, 
the  piezoelectric  ceramic  or  "ceramic."  air-con<1enser  or 
"condenser,"  and  electrel-condenser  or  "clectret,"  with  a 
particular  emphasis  on  the  latter.  The  relative  importance 
of  these  characteritics  foi  a given  application  must  be  under 
stood  tjefore  an  informed  choice  of  type  and  size  can  f,M; 
made. 
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Portablr  Tafir  RKcordfra 

.)  Hassjill  and  M.  lionnnll 

Uriinl  & Kjaiii,  Uimitiark,  S/V,  Sound  ViIj  , 12  (3', 
P|)  98  !)9  (Mat  1978)  b li(|s 

Key  Words.  Recording  instruments 

Over  the  years  a numfx;i  of  recording  technefues  have  t>een 
developed  Of  these  the  "Direct"  and  "Frequency  Moduia 
tion"  techniques  have  been  welt  establisherl  for  instrunienta 
bon  purpose's.  The  basic  principles  essential  to  an  under- 
standing of  these  techniques  as  welt  as  their  advantages  and 
rfisadvantages  are  reviewed. 
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An  Integrating  Keal-Tiiiir  Analyzer 

D.S,  Allon 

GbnHfid,  liiL.,  Bollun,  MA  , S/V,  ^ynjnii  Vil.)  , 12  C'l. 
f»p  4 6 (M*af  1978)  b figs 

Key  Words;  Vibration  analyzers.  Noise  measurement 

A new  integrating  real  time  analyzer  is  described  which  has 
a built-in  CRT  display,  weighs  40  pounds,  is  battery  operated 
and  brings  addecJ  cofYvenicnee  to  noise  measurement  and 
analysis.  It  is  a one-third-octave  and  full-octave  real-time 
analyzer  with  long-term  integration  facilities.  It  operates 
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at  an  integrating  analyzer  or  integrating  sound-level  meter 
to  display  A-  or  C-weighted  sound  level  or  any  selected  t>and 
level  at  a function  of  time.  Either  ac  po^r  or  internal  bat 
tary  pack  can  be  used  to  power  the  mttrument 


78-1272 

Amplitude  Accuracy  l^iinitationfl  of  Kcal-Tiiiic  Sin|r|c 
(Channel  Spct'lruni  Analyzers 

J.  Flink 

Rockland  Systems  Corp  , West  Nyack,  NY,  S/V, 
Sound  Vib  , 12  (3),  pp  b2  b4  (Mar  1978)  3 tiqs, 
2 tables 

Key  Words;  Spectrum  analyzers.  Measuring  instruments 

Modern  spectrum  analyzers  do  not  measure  amplitude  as 
accurately  as  might  be  assumed  because  they  contain  special- 
purpose  computers  to  implement  mathematical  algorithms, 
e.g..  spectrum  analysis  via  the  Fast  Fourier  Transform  (FFT) 
and  smoothing  is  done  using  digital  averaging.  The  funda- 
mental errors  discussed  are  the  picket  fence  effect,  the  ef- 
fect of  windowing,  and  the  effect  of  smoothing  voltage  or 
log  amplitude  spectra  rather  than  power  spectra.  Hardware 
factors  that  contribute  to  the  amplitude  error  are  also  ex- 
amined and  then  the  amplitude  accuracy  of  a modern  spec- 
trum is  compared  to  a sweeping  spectrum  analyzer 

which  IS  implemented  using  analog  techniques. 
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Spectnun  Aiulyzere 

R Uplon 

Brdel  K|aer,  Dfinrrtark,  S/V,  Sound  Vib.,  )2_  (3), 
pp  36  38  (Mar  1978)  3 tigs 

Key  Words  Spectrum  analyzers,  Measuring  instruments 

This  artK:le  surveys  some  of  the  types  of  spectrum  analyzers 
available,  ar>d  examines  factors  vi/hich  will  influence  their 
choice  for  particular  measurement  problems. 
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AdvantaKra  of  Ilifrh  Krai  Timr  FFT  Analyzrra 

A C.  Kellor 

S()ectral  Oynamics  Corp  , San  Ditjgo,  CA.,  S/V, 
SourW  Vtb.,  12  (3),  pp  48  61  (Mar  1978)  16  figs 

Key  Words  Frequency  analyzers.  Fast  Fourier  transform. 
Measuring  instruments 

Some  of  the  r^ot  srj  obvious  advantages  and  applications 
of  high  real  tinr>e  rate  are  explored  in  this  discussion.  Three 


interrelated  concepts  should  be  considered  when  one  thinks 
of  real-time  rate.  The  first,  high  real-time  analysis  speed, 
assures  no  loss  of  data  up  to  the  real-time  rate  and,  more 
importaruly,  assures  that  data  wilt  not  be  analyzed  incor- 
rectly because  of  insufficient  speed.  Second,  a fast  display 
rate  allows  the  analyzer  or  processor  to  display  things  which 
are  happening  on  an  updated  basis.  Phenomena,  such  as 
fxiaiing  frequencies,  machine  speed  '^hanges,  turbine  blade 
resonances  and  non-stationary  data  which  might  otherwise 
be  smeared  or  averaged  into  the  display,  may  be  observed. 
Overlap  processing,  the  third  concept,  which  is  the  ability 
to  perform  a selected  analysis  function  before  a whole  new 
memory  sampling  interval  has  elapsed,  is  only  possible  where 
a high  real-time  analysis  rate  is  available.  Using  overlap 
processing  the  analyst  is  able  to  monitor  changing  phenom- 
ena, on  a continuous  basis,  such  as  during  impact  testing,  to 
provide  optimum  signal-to-noise  enhancement  and  to  utilize 
weighting  and  windowing  functions  to  their  optimum  bene- 
fit. 
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Introduction  to  Wave  Analyaia  Instruments 

J.G  Bollinger 

Univ.  of  Wisconsin  Madison,  Madison,  Wl,  S/V. 
Sound  Vib.,  ]2  (3),  p 34  (Mar  1978)  1 table 

Key  Words:  Wave  analyzers.  Measuring  instruments 

A brief  description  and  a table  is  presented,  which  establishes 
broad  guidelines  for  selecting  the  proper  wave  analysis  in- 
strumentation for  some  typical  problems. 


SCALING  AND  MODELING 
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A Scale  Model  Technique  for  Inveatigating  Traffic 
Noise  Propagation 

M E,  Delany,  A.J.  Rennie, and  K M,  Collins 

Div  ot  Radiation  Science  and  Acoustics,  National 

Physical  Lab,,  Teddington  IWII  OLW,  UK,  J,  Sound 

Vib.,  M (3),  pp  325-340  (Feb  8,  1978)  10  tigs,  28 

refs 

Key  Words:  Traffic  noisa.  Scaling,  Model  testing 

A 30:1  scale  model  technique  has  been  developed  for  inves- 
tigating the  propagation  of  noise  from  traffic  on  major  roads 
and  motorways.  Validation  studies  have  been  carried  out 
for  a range  of  different  road/housing  configurations  by 
comparing  relative  noise  levels  obtained  using  the  model 
with  field  data  obtained  specifically  for  tha  purpose.  This 
model  has  been  used  to  obtain  systematic  prediction  date 
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am)  examples  are  shown  for  noist*  propatiriting  from  a ioo>l 
m a rtatural  cut,  noise  penetration  throiigfi  a (|ap  f>etwei;n 
aripicent  ^>lr>cks  of  housr.'s.  and  containment  affects  associaferJ 
with  unbroken  parallel  (niildinq  facailes  on  opposite  sides 
of  the  roari. 


TECHNIQUES 

(Also  v‘e  No  1 
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l)pvp|o|>iiiPiit  of  an  liiiftiilw*  Tprlini(|iip  foi  Mm- 
Mirpiripnt  of  Miiffiei  (.tiararlerixIicH 

Sin(|f)  fjruJ  I Kiitr.j 

Af.otJStir.s/lJyn.jrnics  F nijrij  , CdrlyU*  Lornprtjs'ior  (,0 
Uiv  of  Cdrnor  Corp  . Syf,jnj:,f’,  fvlY  j SouruJ 

Vif)  . f)G  {?).  fip  (j.in  D/fJ)  IH  iiqs. 

'^)  r*'fs 

Key  Words,  Fngine  mufflers,  restinq  tecfmMfues,  Acoustic 
tecfinir|ues 

This  paper  rfescrifms  an  ecoustir;  iiripulse  techrii(,|ue  for  an 
experimental  evaluation  of  mufflers.  An  acoustic  impulse 
of  short  duratiori  is  yunerated  and  epfilied  to  the  mufftai 
specimen,  isolsterl  incident,  reflected  and  transmitlmf  pulses 
are  capturerl  by  aiipropi  lately  locaterJ  pressure  tranwfuceri 
A synchronous  time  Uumain  averaging  operation  is  per 
formed  to  eliminate  random  flow  noise  curnponents  frorn 
these  pressure  signals  Desired  muffler  characteristics  are 
then  computed,  in  the  frequency  domain,  from  the  f ourmr 
transforms  of  tf>e  isolaterJ  wave  time  fiistorios  fjotfi  mag- 
nitude aruf  pfiase  ar»'  ofrtained  as  continuous  Uinctems  of 
frerfuency  (witfi  resolution  limited  or>ly  fry  tfie  ot/aiinfile 
computing  facility! 


78. 1 27(1 

An  l.ffn'M'iil  Virllioil  of  Mi'annjiij;  lin|i<'(laiir<'H  of 
hliinl  Mm  liiiK-ry  Maiitlolds 

H SirH)li  oni)  Al 

S<  li'iol  dI  Mo(  (i  ( oi|t'|,  Hriy  W I .iti . , riit'lin' 

Univ  , Wosi  I iif.iv'-tl'',  IN  I Viti  , 

')<)  <11.  ()(i  10')  I/")  ( l.in  H,  /’y  I t.ihl'!, 

\H  o f'. 

Key  Worrln  Afijnsli'  irnpod.inr  c,  M.iruf»ilds  f liiid  imliici*d 
excitaiion.  Me.ivii'»*menr  li  t ftmqii". 

Knowiedifr*  'd  thi-  di  >ustM.u>  imped  inr.i’'  iS  ii  'iuiietl  ir.) 
umierstanrJ  the  fluid  r>s4,>)l;)tir,ins  m th*-  mund'itib  of  pmifivi 
rlis(Hacernent  rnacfnnery  ffns  |>>i|>i'r  fireti n's  fm  irnped'inr  f> 
measurement  rnethiM)  wfiich  puls  empfiasis  on  ifie  lower 
frequencies  i ne  techniriue  is  bnsMff  on  provicfing  a krwiwn 


volume  velocity  excitation  to  the  manifold  through  an  elec- 
irrHlynamic,  shaker  driven,  oscillating  piston.  Harmonic, 
itiorforn  and  transient  excitations  hove  been  utilized.  Digital 
data  ncrfuisition  nrul  (irocessing  techniques  are  used  to 
acquire  fnston  rlisplacement  and  acoustic  pressure  signals 
for  in()ut  anr!  transfer  impedances.  Tfie  firnpoieri  rr>etho(f  is 
direr  t anrj  efficient.  It  11  ofifilied  to  the  measurement  of  tf»e 
acoustical  impedances  of  a two-cylinder  refrigeration  com 
pressor  rfiscfiarye  system  Various  as(>ects  of  the  measure 
merit  firocedures  are  discussed  alr>ruj  witfi  the  rerommerela 
tiom 


78  I27<> 

VteaKiiieirieiilK  with  ah  Interimly  Meter  of  the  Aroiia- 
tic  Power  of  a Small  Machine  in  a Koom 

f I f.ihy 

hist  of  fjounrj  HrvJ  Vitirdtif>n  fhts  , IJoiv  of  b<jutti 
-ifTiffton,  Srjiitfiijinplrjd  S(J0  f;NH,  UK.  .)  Vlb  , 

')/  f'i),  t)|<  :ill  (At>f  H,  V)/H)  i\  fii)S.  4 t.ifjids, 
1)  rets 

Key  Worris.  Acoustic  measurement.  Measurement  tech 
nKiuifS 

A technique  in  which  two  closely  spaced  pressure  micro- 
phones. n special  fiurpose  circuit,  and  a sound  level  meter 
are  employed  to  measure  acoustic  intensity  in  octave  bands, 
IB  user!  to  estimate  the  intensity  distribution  around  0 small, 
1 VOO  electrical  watt,  machine  situatod  in  a room.  The  total 
acoustic  power  estimated  therefrom  is  compared  with  that 
obtained  by  the  conventional  "direct  field"  method.  The 
tecfmique.  which  afifieari  to  be  accurete  over  the  range 
2b0  ^(K.}0  ID,  prorluces  values  of  intensity  and  power  which 
nre  ifneiiilly  lass  than  tfie  "rfirect  field”  values.  Tfie  dif- 
ference terirfs  to  increase  with  fre«iuericy  A potential  for 
source  locelion  application  is  indicated. 


HOLOGRAPHY 


78  1280 

lh)lo^ia|»hir  \ isiiiili/.iitioii  of  Acoiiativ  Pirhlx 

I A (J.irF 

A' r>ir.to  (JiilM  b Uif)  . (.^dlfiolic  Upiv  of  AfnorM.ii, 
W.i-.tiiM'ilun.  [ )C  ?fK)f(4,  I Sriijiul  Vif)  , !j0  {7).  nn 
../  1 /4  ( I, 111  4 fi'is.  0 M-fs 

f"|  fjv  Uf  O'  r*  (if  N.iv.il  Husi'rifr  h 

Key  W(>i(.s  Ar.pusiic  ftologiephy 

Optical  fejlogiatiliir  vi »unli/<ition  of  sound  is  demonstrated. 
Instantaneous  pressure  distributions  are  determined  from 
patterns  of  oplual  interference  fringes  which  appear  in 
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iw:ons(tuct(;<l  iiiijuieb  of  sootul  tii'lds  tf  iIm;  jicou^ttc  pre^ 
suru  ts  cott^lunt  vit  otu;  (fiincttOTt,  tftt)  inttrrlHicncu  fiinijos 
can  fH'  inlfMpfatiMl  in  a patticiiiaily  simple  way  as  contours 
of  equal  instanlHneous  acoustic  piessuru.  A series  of  re 
constructed  inuiqes  lecftrded  at  'A)  rnicruseronfl  internals 
lire  preseiiied  wfucfi  show  the  propa(|ation  of  a 16  kH/ 
acoustic  tonehurst  in  waler.  fiesults  ot>iained  witfi  tfie  new 
ttoloqraphic  visuali/atioi^  inetluHl  uie  tuinp.‘ir<‘d  witfi  Uiose 
(jf  classical  schlieten  visuali/alion  inetliods 


COMPONENTS 


SHAFTS 

i'xM*  14,,  1 J‘,H) 


BEAMS,  STRINGS,  RODS,  BARS 

(Alv>  v.-c  N-i',  lyi!,,  1;M/.  I/'I'I.  1 M(.) 


7IM2HI 

Ula.Hl  UeHpoiiMf*  o1  UHV  IS>)eii»<i.sl  \iilettiia  Kvrtlf 
riiroH 

i.  (i  C»^llr;y  unil  ( i V f't k o 

iJol'TKi,*  f^r*'.  I , S'rlliiilf],  M.iIMou, 

Alljorl.i,  (..jii.i-iri,  Mcpi  Nfi  (Jlil  S (!  (JIMICAI 
('AIM  If  |)[)  (Ni>v  V)n] 

AlJ  A(M‘# 

Key  Words.  Antennas.  Ships,  Nucirrai  explosion  efferts 

The  frlast  response  of  a 23  It  IJHF  f*olernast  Antenna  was 
investiqaterf  in  a treefieUi  ()lus(  trial  anrf  in  nunrencal  sitnu 
lalion  experirrrents 


7«.|2«2 

hinil«‘  Kieiiieiil  Kifretivaliie  AiialyxiH  ol  Taiieii^ti  aiirl 
I'HiMlrtl  I iiiPrHliriiko  IteaiiiH 

H S ( lUpl.i  pftrl  S S H.H) 

IJCipt  ol  M‘*(fl  I Pl)t‘l  , PMOj.li)  I Oi)|fjr‘l*t  Mil)  l.oDl’ljP, 
( .llnfi'iiq.irli  1 1.  Ifl'il-i  I Vtl)  , 'ifi  (V),  pp  IH/ 

A)i)  ( i.ift  /J,  1'1/H;  f)  liqs  ^ I.ilrh-,,  /V  rc|<. 

Key  Worris  (#aritiir>vr’i  tiearns,  fie/irns,  I irnnsfii'nko  Ifioriry, 
f element  terhniqn*- 

The  stiffness  ariri  mass  matrir.es  of  a twisted  fieam  elerrienl 


wilfi  linearly  varyini}  bri'arith  anrJ  deptfi  are  deiivtef.  (tu* 
aT>qte  r>f  twist  is  assumed  to  vary  linearly  along  the  length 
of  tfie  iNiarn.  Tfie  riflecis  of  sfiijar  lii/foririatirjn  and  rotary 
inertia  are  r:4)nsidered  in  deriviiui  tfie  <*li;mentol  matrices. 
Thi*  first  (r)ur  natural  frertuencies  and  rruafe  :,fia(>es  arc- 
calculated  frjr  cardilevirr  f>earris  of  varmus  defnfi  and  hrrradih 
leper  ratios  at  different  anrjies  of  twist.  The  results  are 
compared  with  those  avuilalilt*  in  Ifie  literature. 


7M  I2«3 

Kier  Vihralion  of  iNeufrally  liiioyatit  liiflatahk* 
f iaiililrverN  in  thir  Orttaii  Knviroiiineiil 

7 .j  Mo'ii  -iikJ  0 I . l-'oi/fi 

Ifir;  limy  of  liniish  V.ifiryiov^’f , \i  < . . 

(.nri.ifjii,  J I lyrJrrjn.jtitKj;;,  (2)  pp  S')  (j?  (Apr 

IS/fi)  A tiqs,  1 

Key  Words  free  vihraliori,  Cantilever  frearns,  floating 
sttuciures.  Infialaf^lr;  structurirs 

f rer;  vifiraiiori  analysis  uf  the  neulially  fruoyant  inflatird 
r.antilever s,  rriadr*  of  plastic  sarniwicfied  films,  is  prirstmled, 
accounting  for  the  arJded  inertia  and  nonlinrnjr  fiydiody 
namic  dra<).  Tfie  significant  feature  of  the  analysis  o die 
ri*(fuctif>ri  ol  thr*  sfiell  erjuations  ftfie  rnrenljranr*.  f fugg»»‘v, 
and  fferrmann  Arrnen^kas'l  irtto  a singlr*  equation  wfiufi 
IS  similar  in  form  (o  that  for  u vif)iatiny  f)eam  wdli  rotaiy 
inertia  effects  Tfie  naluiat  frrirtuencirfs  r>t)taini.'d  are  coni 
pared  witfi  die  exfier irrierildl  results  and  tfiosi*  prede  led  try 
dte  ftayleigh  Hit/  method  in  corijurictiori  witfi  tin  Wasfn/u 
and  memhiune  sfiell  theories. 


7»-l2a4 

Natural  KnMiiiriicieH  of  Katlial  UolHliii^  IteiuiiM 

')  I'ofif'f  /ififj  f I M.inrjr 

I . It. oily  of  Mdt.h  I fKjrr)  . frjr.fniioii  I'.i.H:!  Idsl  ol 
ii.'cfi  , Hdtfii.  Isfijcl,  .1  Sotirni  Vil)  , !)()  {V),  fip  1 /') 
UJ')  (.l.jp  r?.  IM/fi)  / fid',.  1 1 lotb 

Key  Worrfs  Hearns,  ffotutirui  structures,  Cinlilevi’r  fleams. 
Natural  fre<|uencies,  f mile  element  technir)ue 

Tear!  lari  natural  freriuerx.ies  and  mode  sftapes  of  a rurfiai 
beam  mounted  on  a rrriating  disc  at  a 90  settirej  angle  are 
deteirTiined  The  srriulion  was  olitainerl  fry  means  of  tfie 
firme  efernent  lecfinuiue,  a higfi  precisirm  f)earn  ehrment 
l)ased  on  a fifth  drrgiee  polyruirnial  freing  us<«t  as  rJisplace 
ment  funi.drin,  wilfi  deflection  anrf  slope  at  the  ends  as 
c<imni(,n  n'Klui  ilegtees  of  lieednni.  and  two  integrati  over 
the  element  lengifi  as  ruKjelett  adddinnal  degrees  ol  free 
riom . f fleets  sucfi  us  shearing  force,  rotary  ineitia  anrJ 
yarying  centrifui|af  forces  are  taken  into  consideratton. 
Tfie  r:ase  of  a f>r‘arn  blmfe  with  shrourJ  mass  is  also  con 
sirfered 
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Simulation  and  KxperimentaJ  StudieH  of  Heat  Kx* 
chan|;er  Tube  Vibration  with  Clearance  Support 
Interaction 

R.J  Rogers 

Ph.D  Thesis,  Univ  of  Waterloo  (Canada)  (1977) 

Key  Words:  Beams,  Supports.  Heat  exchangers.  Rotatory 
inertia  effects,  Transverse  shear  deformation  effects.  Com- 
puter programs 

A technique  has  been  developed  to  simulate  the  transient 
response  of  a beam-tike  structure  such  as  a heat  exchanger 
tube  8$  it  interacts  with  its  clearance  supports.  The  detailed 
dynamic  interaction  between  the  beam  and  its  supports  is 
predicted,  thus  providing  the  contact  forces  and  other 
variables  useful  in  predicting  rates  of  wear.  The  method 
uses  3-dimensionai  beam  finite  elements  which  include  the 
effects  of  shear  deformation  and  rotational  inertia. 


78-1286 

Dynamic  Eichaviour  of  a Beam  Subjected  to  a Force 
of  Time-Dependent  Fre<juenry 

S.  I Suzuki 

Dept,  of  Aeionautics,  Nagoya  Univ  , Nagoya,  Japan. 
J Sound  Vib  , b_7  (1 ).  PP  69  64  (Mar  8,  1978)  7 figs, 
2 refs 

Key  Words:  Beams,  Dynamic  response.  Time-dependent 
excitation.  Forced  excitation.  Resonant  frequency 

It  is  a well-known  fact  that,  for  an  ideal  system  in  which 
damping  is  ignored,  the  deflection  of  a beam  becomes  infinite 
for  the  case  where  the  constant  frequency  of  a steady-state 
external  force  is  equal  to  the  critical  frei)uency  of  the  beam. 
In  this  paper,  the  external  force  is  assumed  to  be  propor- 
tional to  sinfat^/2  ♦ bt^/3)  with  respect  to  time,  where 
a and  b are  constants,  and  the  effect  of  time-dependent 
frequency  on  the  dynamic  behavior  of  the  beam  is  inves- 
tigated. Integrations  involved  in  the  theoretical  results  are 
carried  out  by  Simpson's  rule. 


78-1287 

Some  Optimi'/.atH»n  Fn>bleiiifl  in  Tornonal  Vibration 

M H S.  Elwany  and  ADS.  Barr 

Oipt  of  Mrjf.h  Engrg  , Univ  of  Dundw,  Dundw 
DDt  4HN,  UK,  J Sound  Vib  . ^ (1),  pp  1 'S3  (Mar  8, 
1978)  18  figs,  12  tables,  16  refs 

Key  Words  Beams,  Torsior>al  vibration.  Natural  frequerKy, 
Optimization 

The  design  of  beams  to  maximize  a torsional  natural  fre 


quency  for  a given  total  mass  is  considered  The  beams 
analyzed  are  in  the  main  cantilevered  and  of  rectangular 
cross  section  but  the  theory  is  easily  extendml  to  other 
end  conditions  and  section  shapes.  A variety  of  cases  is 
considered  involving  the  inclusion  of  upper  or  lower  bounds 
on  the  section  dimensM^ns  or  the  addition  of  a concorurated 
end  inertia. 


78-1288 

Calrulalkiii  of  Inte^rraU  Involving'  CbaracteriHtic 
Beam  FunrtionH 

C.B  Sharma 

Dept,  of  M.'jihtjrriancs,  Univ  of  Mancficsier  Inst  of 
Science  and  fech.,  Mancfiester  MfiO  lOD,  UK,  J. 
Stjund  Vib  , 66  (4),  pp  476  480  (Feb  22.  19/8) 
1 table,  4 refs 

Key  Words:  Beams,  Cylindrical  shells 

An  analytical  procedure  is  presented  for  evaluating  some 
important  integrals  involving  characteristic  beam  functions. 
These  integrals  were  encountered  in  the  vibration  analyses 
of  constrained  and  unconstrained  circular  cylindrical  shells. 
The  analysis  will  also  be  useful  in  many  other  problems 
where  characteristic  beam  functions  are  involved  and  will 
enable  complicated  and  computer-time-consuming  numerical 
integration  to  be  avoided. 


78-1289 

Dynamic  lichavior  of  a Load  Lifted  by  a Mobile 
Lonstruction-type  Oane  (5tli  Report.  The  Invea- 
tigatkin  of  Dynamic  l^oad  Factors) 

H Ito,  Y.  Senda,  H.  F ujifTioto,  and  Y KdPj 
Kobo  Gtet:!  Ltd.,  Akasbi,  Japan,  Bull  JSML  , 21 
(164),  pp  (309  617  (Apr  1978)  16  figs,  6 tables, 
4 refs 

Key  Words:  Cranes  (hoists) 

In  this  papei,  various  simulation  models  of  cranes  are  shown. 
Formulas  for  dynamic  load  factors  using  multiple  rugresston 
analysis  are  established.  These  approximate  formulas  are 
simple  polynomials  in  which  basic  dimensions  of  crane  are 
variables,  and  they  are  found  satisfactory  enough  for  any 
practical  application 


78-1290 

Natural  Fre4|uencieK  of  Two  Lantilevers  Joined  by 
a Kif-id  ( :onniM'lf>r  al  Their  Tree  Knda 

G L Anderson 

Instilut  CTHAC  SA,  CH  1024  t tublritis,  Swit/rrr land, 


J Sk>ijn<l  Vib  . 5^  13).  VV  403  412  (Apr  H,  19/8) 
b ttqs.  9 ftifs 

Key  Words  Cantilever  beams.  Natural  frequencies 

The  derivation  of  the  equations  of  motion  is  given  for  a sys- 
tem consisting  of  two  identical  parallel  cantilevers  joined 
by  a rigid  connector  at  their  free  ends.  Elementary  beam 
theory  IS  employeif.  and  it  is  observed  that  the  longitudinal 
and  flexural  deformations  of  the  system  are  coupled  through 
the  boundary  conditions  but  not  through  the  differential 
equations.  The  associated  free  vibration  problem  is  solved. 


78-1291 

Thr  Kffect  of  Kolary  Inertia  and  Shear  Defonnation 
on  the  Frequency  and  Nonnal  Mode  Kqualions  of 
linifomi  Beaina  (^arryin^  a Concentrated  Maaa 

D A Grarit 

De()t  ot  Mcch  tnqrg..  Univ.  of  Maine,  Orono,  ME 
044/3.  J Sound  Vib,,^  (3).  pp  3b/  365  (Apr  8, 
1978)  2 fiqs,  5 refs 

Key  Words  Rotatory  inertia  effects.  Transverse  shear 
deformation  effects.  Beams,  Frequencies,  Normal  modes 

New  frequency  equations  for  transverse  vibrations  of  Timo* 
shenko  beams  carrying  a corKentrated  mass  at  an  arbitrary 
point  along  the  beam  are  given.  Normal  mode  equations 
for  the  hinged-hinged  beam  are  given  and  the  orthogonality 
condition  is  presented  for  beams  with  hinged,  clamped  or 
free  ends.  A numerical  example  is  given  and  frequency 
charts  show  the  effects  of  varying  the  size  and  location  of 
the  concentrateii  mass. 


78-1292 

Direct  Analytical  Solutions  to  Non-llnifomi  Beam 
Problems 

C.D  Bailey 

Dept  of  Aeronautical  and  Astronautical  Enqrg., 
The  Ohio  State  Univ.,  Columbus,  OH  43220,  .) 
Sound  Vib  , ^ (4),  pp  SOI  b07  (Feb  22,  1978) 
2 fiqs,  5 tables,  13  refs 

Sponsrrrod  by  NASA  Langley  Research  Center 

Key  Words;  Beams,  Vibration  response 

The  direct  anaivtical  solution  to  the  vibration  of  nonniniform 
beams  with  arid  without  discontinuities  and  with  various 
boundary  conditions  is  presented.  Results  are  compared  to 
results  from  the  exact  solution  for  certain  cases  where 
the  exact  solution  has  been  obtained. 


BLADES 


78-1293 

Dcaign  of  Propellers  for  Minimum  Noiae 

C.  .1  Woan 

Ph  D Ihesis,  Univ  of  Illinois  at  Urbana  Champaign, 
20b  pp  (1977) 

UM  7804196 

Key  Words:  Propellers,  Noise  reduction.  Design  techniques 

The  investigation  is  concerned  with  the  theoretical  design 
of  propeller  to  obtain  minimum  noise,  subiect  to  constrains 
on  the  aerodynamic  performance  and  wake  configuration.  In 
this  analysis,  which  is  liased  on  both  acoustic  and  aero- 
dynamic considerations,  attention  is  given  only  to  the  rota- 
tional noise  due  to  static  sources. 


78-1294 

Torsional  Klutter  in  Stalled  Cascade 

S YashimaandH,  lanaka 

Aircraft  Engine  Div.,  Ishikawapma  Harirna  Heavy 
Industries,  Tokyo,  Japan,  J.  Engr  Power,  Trans 
ASME,  100  (2),  pp  317  325  (Apt  1978)  14  figs, 
1 3 refs 

Key  Words.  Compressor  blades,  Flutter,  Torsional  vibration 

Applying  tree  streamline  theory  and  singularity  method, 
a theoretical  study  is  developed  for  the  torsional  flutter 
problem  in  fully  stalled  cascade.  Aerodynamic  moment 
acting  on  a vibrating  blade  it  calculated  for  tome  cascade 
conditions.  Experiments  were  carried  out  using  a water 
tunnel  with  a linear  cascade,  and  the  unsteady  moment 
acting  on  the  vibrating  blade  was  measured.  Computational 
and  exf>arimental  results  are  compared. 


78-1295 

Inveatiixalion  of  Blade  Vibratiuna  f^nceming  Im- 
pellers of  Hif'hly  Loaded  Kadial  Compreaaora  by 
Means  of  Telemetry  (Zur  Unterauchuni;  von  Schaufel- 
schwin)^nf;en  an  Liiufradern  hochbelaateter  Kadial- 
verdichter  millela  Dalentelemelrie) 

U.  Haupt  and  M Rautunberg 

Institut  f Strffmungsmaschinon  dei  TU  Hannover, 
Hannover,  Germany,  MTZ  Motortech,  Z.,  39  (4), 
pp  177  183  (Apr  1978)  10  figs,  10  refs 
(In  German) 

Kay  Words;  Comprettot  blades,  Vibration  maaturement 
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Hie  trH:f«as<;  tjl  iinall  <jas  (urtiUHiSi  and  tiiibocMaiyars  Imi  (o 
ttM;  (lt*vt;lopmifnl  of  highly  tuadeil  radial  coirtprtfssrjrs  irvilh 
thin  l)la<li‘S  Vanous  hladn  vibration  problems  atn  investiyated 
in  the  hist  part  of  the  article.  Then  blade  vibraturns  of  a 
radial  corripressoi  impeller  are  examined.  Semiconductor 
siiain  ()aqes  are  us«id  to  measure  the  strain  on  blades  in 
ddfiMenl  opeialinq  ranqes  ol  the  compiessor.  like  lOtaling 
stall,  suige  and  flutter  ranges  and  for  die  casii  of  nun  uni 
form  flow  conilitions  dnwnstitiam  anrf  upstream  the  im 
pellet  Tfie  signals  are  transmuted  by  a 12  channel  tiHe- 
metry  system. 


7H  129b 

Syiilliehin  ol  lUadt*  Muller  Viliralory  Pallitrnh  Ohiii^ 
Slafirtiiai)  I’raiiMiurtTH 

A Kui  ^ »>v  uful  J fJh  u‘> 

1 f.'Wis  fbjs  C>;titrtr,  NASA.  Clnvelarid,  OM,  Hdpi 
N(i  NASA  I ‘MIO.  20  ()(>  (Mur  10//) 

N/H  I /Ufil 

Key  Woidr,  f-toior  fjlarles,  Flutter 

Flutter  fie(|ur>ncy  was  determined  and  rotor  vifrrator^ 
amplitude  and  pfiase  distributions  durir>g  flutter  were  re 
constructed  from  stationary  aerodynairnc  type  measure 
rnents.  A previously  reported  optical  rnethorJ  for  measuring 
blade-lip  dis4>la<.ement  during  flultei  was  extended  by 
means  of  rligital  analysis.  L)is|)lucement  amplitudes  and  phase 
anr)les  were  rjeiermiried  tjaserf  on  Ifus  method.  For  selrM;1e<i 
blades,  spectral  results  were  also  obtained  Irom  strain  gage 
measurements  Tfie  lesulls  from  Itiese  three  types  r>f  rnea 
surement  were  cornparerl  aiuf  critically  evaluaterj. 


illustrating  the  application  of  tfie  analytic  mediod  are  given 
loi  typir;al  inertia  governors. 


CYLINDERS 


7«-l298 

i'oraioiiai  Jii«|>uiajve  Jtrrapoiiai*  oi  an  Klaiflir  Hall- 
Spare  Dur  (o  a Hitrid  (iiiriilar  (iyliiidrr 

N Mulfiimiodj.  1 Ndkafidid,  dfuJ  M ‘><.9ifnolrj 
I(j)yo  Ifisi.  ol  li.M.li,,  lo^yo,  lupuii.  fiull  .JOMI  . 
>*1  (Ifid).  p(j  (Apt  10/H)  12  fi'j!*,  / **ds 

Key  Words.  Cylinders,  Half  s|Jace.  Elastic  properties,  Im 
pact  response  (rmtchanical).  Torsional  response 

The  rigid  circulai  cyliruier  cemented  on  an  elastic  fidlf-S()ace 
IS  rotated  impulsively  through  a small  angle  The  problem 
IS  solved  by  setting  up  an  integral  ertuaiion  tor  the  Laplace 
transform  of  the  coeffrcient  ot  the  stress  function.  The 
inversion  of  the  Laploce  trarisforrn  is  cainerl  out  by  using 
the  numerical  method  The  numerical  results  are  shown  tor 
the  impulsive  rt)S|)onsc  of  the  elastic  half  s|>ace  such  as  the 
stress  intensity  factor  and  the  loi<tue. 


DUCTS 

(Alv>  STM*  N.i  TJO?) 


CONTROLS 


7«  (297 

.Stability  AiialyHiH  r»l  att  Anetri  ali4»ti  (rovetiioi 
Siibjrr  Ir  rl  In  a llariiioiiir  Sprrd  l>iNliirbaii<*e 

(J  Af.luvfiu 

hrrpl  r>f  M«M,h  1 . Univ  of  Si  M?fr<-r;  ,iim)  Ini.h  . 

> uifur,t,  (liwinri  M'.'f.li  Murir  Nii'oiy,  I i (2),  P(>  ) 

12  1 (I'i/H)  1 li.r,,  fi  rr  fs 

Key  Words  Ijlabihty  rnelfiods,  ftanisrns.  Control  e<tm|> 
men! 

An  inertia  gr)vernor  wfncf)  is  sub|ectr*fl  to  harmonic  vana 
lions  in  rotational  speed  is  analyzed  in  this  paper.  The 
eiiu.tiirm  of  motion  undi;r  sucfi  smalt  spec*d  harmcinic  vana 
tion  IS  a Hill  type  erpration  Mie  pr;t  turfiation  vanatir)n 
metfirxl  is  ustmJ  lr;  exfilicitly  def  rie  the  instafiility  sixmhI 
Zones  due  to  ihe  (lararnetr ic  r>xcitat>on  Numerical  results 


7»  I 299 

A Kiiiile  h.lniient  Method  lor  1 laiiMiitiMHioii  in  Non- 
tiiiiloriii  liuriH  witliout  I'Ioh  Comparison  witii 
the  Mrltiod  ol  \V4‘i|;lil<‘d  KeNidiiatM 

M .)  Astlr.*y '^dirj  W I yr?fj.fi,.ifi 

Ihtpl  ol  1 iHjfij  . (jniv  ol  (..jidi'fljiiiy,  Chiit>t 

r.tninli,  Nivz  /i.’.iltifKi,  I VnifnJ  Vil)  . ')/  (.1),  pp 
If)/  IHH  (Apt  H,  IM/fl)  ')  i)  told'  1 2 O'ts 
'jpon'jofnil  Ijv  rjASA  I H' v.ii ' li  ( .cgiti'r 

Key  Words  (Jucts,  Srjund  liansrnission.  f inite  eherrent 
tircfinique,  (ialetkin  method.  Method  ol  weightetl  residuals 

A finite  element  methorf  is  rlevelo()e<l  for  the  study  of 
transmission  r^t  srjund  in  nonuniforrn  ducts  without  flow 
The  formulation  is  basrrd  on  a weighted  rrrsiduals  approach 
and  eight  noiJerJ  isoparametric  elements  are  used.  Two 
computational  schemes  are  described,  one  basinf  on  the 
Helmholtz  equation  obtained  by  combimrvj  the  t>asic  con 
urrvatiori  ertuaiior's  ar>d  one  tiasinl  on  tfii*  conservation 
equations  thernvives 


i 
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78-1300 

A Method  of  Weighted  KetiidualH  wilJi  Trigoiioiiietrir 
Kaais  KunrtioiiH  tor  Sound  Tranaiiiiwiioii  in  (iirnilar 
Dueta 

P T Vo  iJO(J  W f versrnjn 

[Jept  of  Mt'ch  i fHjrcj  , Univ  fjt  Ciiiit<ifbury,  Christ 
churf-h.  NfW  /oaUind,  J Sf)iJtKj  Vit)  , hO  (i^),  PM  24'i 
2b0  (Jan  22.  197H)  1 fuj,  4 tables,  b rels 

Key  Words.  Ducts.  Sound  transmission.  Galurkin  method 

A modified  Galerkin  method  is  employed  to  formulate  the 
problem  of  transmission  of  sound  In  a uniform  circular  duct. 
The  basis  functions  used  are  trigonometric  arui  are  derived 
from  the  equivalent  pioblem  in  a two-rJimensional  duct.  In 
the  case  when  flow  is  present  basis  funclions  from  the  cast; 
without  flow  are  used. 


78- 1 30 1 

CtNiipariaon  of  Meataired  Hnradhatid  Noim*  Allniiiia 
tion  S|H*ctra  from  (Similar  Klow  Dtirla  and  Kr<»ni 
Linfni  Kngint*  IntakeH  with  PrndirlioiiK 

A A.  Synd  and  S.C.  [i*;nn(;tt 

Aero  Div  . Hulls  Huyce  I id  , [Jt.'rliy  f)f  HBJ,  iJK, 
J Sotind  Vil)  . bO  (4).  f)p  b31  bf)4  (lf!h  22.  Vi/H) 
32  figs,  b tables,  33  rets 

Key  Words:  Ducts.  Sound  propagation.  Acoustic  linings 

Sound  propagation  m lined  circular  ducts  is  investigated  m 
the  presence  of  uniform  and  shearetJ  flow.  The  modal  solu 
tions  are  obtained  by  solving  an  eigenvalue  erjuation  which, 
in  the  case  of  sheared  flow,  is  rJerived  by  using  finite  dif 
fererKes  and  by  matching  the  pressure  and  the  radial  com- 
ponent of  the  particle  velocity  at  the  interface  of  the  regions 
of  uniform  and  sheared  flow.  For  the  uniform  flow  region, 
standard  Bessel  function  solutions  are  used.  The  attenuation 
of  acoustic  energy  at  a given  frequency  and  for  a given  liner 
length  is  computed  on  the  assumption  that  at  the  inlet  to 
the  lined  duct,  the  acoustic  energy  is  ertualfy  distributed 
among  the  propagating  modes.  In  general  very  good  agree 
ment  between  predictions  and  measurements  is  obtained. 


78-1302 

A Keactivr  Arouatir  Alteiiuator 

C R PiilUir  arKl  0 A Hi*,*s 

Uept.  of  Mef.fi  f rvjrcj  , Univ  of  AdblaiOe,  A(Ji*lanJii, 
Scjuth  Australia  bOOO.  J.  Sounrf  Vtb  , b6  {1|,  pp  4b 
49  (Jan  8.  19/8)  11  ficjs,  br.?fs 

Key  Words;  Ducts.  Noise  reduction.  Acoustic  absorption 


A reactive  acoustic  attenuator  that  combines  high  reflection 
of  low  frequency  sound  with  low  pressure  drop  coefficient 
IS  investigated  experimentally  anti  theoretically  by  using 
equations  foi  sound  propagation  m stiaight  and  curved  ducts. 
Good  agreement  is  obtained  and  the  theory  is  used  to  re- 
design the  device  to  give  a minimum  t'ansmissmn  lost  of 
ten  decibels  over  a frequency  range  of  tfuee  quarters  of 
an  octave  Small  discrepancies  between  theoretical  and 
expeiimentat  results  are  discussed 


78-1303 

Sound  Oneralion  and  'J  raniaiiiAaK>n  in  Klow  Ducta 
with  Axial  IViiiperature  (iradii^nta 

A CiJirwninijs 

lust  uf  \ nvifunouinidl  SciPfp.r?  und  Tech  . Poly 
tPiliOH.  of  tfu;  fioijifi  (idfik  , Lortdou  Sf  1 OAA,  UK, 
,)  S(jutuJ  Vib  , b/  .7),  pp  2tj]  .V9  (Mdr  22.  1978) 
8 f iqs.  1 f (‘.'fS 

Key  Words  Ourts,  Sound  generation,  Fundamental  mode 

This  article  describes  a one-dunensiooal.  Iinean/ed.  analysis 
of  fundamental  mode  sound  generation  and  propagation  in 
rigid-walled  flow  ducts  with  axial  temperature  variation. 
An  acoustic  wave  equation,  including  damping  effects  and 
volume  souices.  is  derived  and  its  solution  (m  the  abser^ce 
of  sources)  by  a nuinetical  technique  and  an  approximate 
analytical  method  is  discussed  The  "forced"  wave  equation 
in  then  s )lved  (the  existence  of  an  oscillating  solution  to  the 
"unlorced"  equation  l>eing  assumed)  for  sound  generation 
by  a sidefrranch  volume  source  in  an  infinite  duct,  and  the 
results  are  applied  to  a duct  of  finite  length.  Reasonably 
good  .Kireernent  is  obtained  tjetween  measurements  and 
{■r  .•<  ns  of  the  sound  pressure  field  in  a flow  duct,  away 
f vource  region 
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Vibrations  »f  Kraiiie.s  with  Im-liiied  Mi'iiibrtri 

C H ("hanij 

Di'pt,  of  Aorost)a<.<i  tnyr(|  , Moi  ti  liii)r()  and  Enyrg 
Ml*!  flames,  I till  Univ  of  Alaliama,  Univfirsity,  AL, 
dSjdfjfi,  J Sound  Viti  , bO  (2),  fif)  201  214  (Jan  22, 
1'»/’H)  14  fiijs,  12  mis 

Key  Wordc  Fiamos,  Axial  vibration.  Flexural  vibration 

A formulation  for  the  vibration!  of  plane  framei  and  trufui 
nvitfi  inclined  membars  including  both  axial  and  traniverie 
vibration!  i!  prewnted.  The  vibration!  ol  two-  and  thrm- 
bar  frame!  with  variou!  end  condition!  are  !tudisd.  With  the 
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•l•ndern«tl  ratio  as  a parameter,  the  frequency  spectra  with 
ra^^act  to  the  angle  of  inclination,  a.  of  the  side  bars  are 
depicted  along  with  some  typical  normal  modes. 


LINKAGES 


78-1305 

Reaearch  on  Dynamica  of  Kour-Bar  Linkage  with 
Clearances  at  Turning  Pairs  (1st  Report.  General 
Theory  Using  Continuous  Contact  Model) 

T Furuhashi,  N Morita.and  M.  Matsuura 
Faculty  of  Engrg.,  Shi/tuoka  Univ.,  Hamamatsu, 
Japan,  Bull  JSME,  21  (153),  pp  518-523  (Mar 
1978)  3 figs,  9 refs 


Key  Words:  Four  bar  mechanisms.  Clearance  effects 

This  report  describes  the  general  theory  of  dynamics  of 
four-bar  linkage  with  clearances  at  all  turning  pairs,  usihg 
a continuous  contact  model,  based  on  the  assumptions  that 
the  pin  is  always  in  contact  with  the  socket  in  each  pair. 
Dyrtamic  motion  of  the  linkage  is  analytically  treated,  and 
four  coupled  differential  equations  for  the  contact  angles 
ar>d  one  differential  equation  for  the  input  torque  are  pre- 
sented. According  to  the  present  theory,  the  forces  acting 
at  the  joints  are  derived. 


MEMBRANES,  FILMS,  AND  WEBS 

(Also  see  No  1331 ) 


78-1306 

The  Sound  of  a Suddenly  Tenaioned  Membrane 

A.  Dowling 

Dept  of  Engrg  , Univ  of  Cambridge,  Cambridge 
CB2  IPZ,  UK,  J Sound  Vib  , ^ (2),  pp  281  298 
(Mar  22,  1978)  7 figs,  9 refs 

Key  Words:  Nolle  generation.  Membranes,  Flexural  vibra- 
tion, Superionic  frequencies.  Rotary  preiies 

The  sound  produced  bv  suddenly  tugging  one  end  of  an 
elastic  sheet  is  investigated.  The  elastic  equations  of  motion 
are  solved  within  the  membrane  in  the  limit  where  fluid 
loading  may  be  neglected.  It  is  found  that  if  the  membrane 
is  paper  a tension  wave  travels  tupertonically  through  the 
sheet. 

PIPES  AND  TUBES 

(Also  see  No  1321  ( 


78-1307 

Acouatic  Resonancee  in  Paaaagee  Containing  Banka 

of  Ileal  Exchanger  Tubes  4 

R.  Parker 

Dept,  of  Moch.  Engrg.,  Univ,  College  of  Swansea, 

Singleton  Park,  Swansea  SA2  8PP,  Wales,  J Sound  j 

Vib.,  ^ (2),  pp  245-260  (Mar  22,  1978)  4 figs, 

2 tables,  4 refs 

Key  Words:  Acoustic  resonance.  Tubes,  Heat  exchangers. 

Ducts  j 

I 

It  Is  shown  experimentally  that  the  presence  of  the  tubes  | 

in  a heat  exchanger  reduces  the  effective  speed  of  sound  in 
planes  normal  to  the  axes  of  the  tubes.  The  effective  speeds 
era  used  to  analyze  the  possible  resonant  acoustic  modes  of 

a rectangular  duct  containing  a tube  bank  filling  a section  i 

in  the  center  of  the  duct.  Experimental  results  confirm  the  t 

modes  and  the  predicted  frequencies.  ] 


78-1308 

Theoretical  Studies  of  Internal  Flow-Induced  In- 
stabilities of  Cantilever  Pipes 

L K Shayo  and  C.H.  Ellen 

Dept,  of  Mathematics,  Imperial  College  of  Science 
and  Tech.,  London  SW7  2&Z,  UK,  J.  Sound  V/b., 
56  (4),  pp  463-474  (Feb  22,  1978)  2 figs,  1 table, 
1 1 refs 

Key  Words:  Shells,  Cantilever  beams,  Pipas  (tubes),  Fluid- 
induced  excitation 

A theoretical  analysis  is  made  of  the  stability  of  a circular 
cross-section  cantilever  pipe  containing  an  incompressible, 
inviscid  fluid  flowing  uniformly  and  steadily  in  the  axial 
direction.  Beam  and  shell  mode  instabilities  ere  examined. 
The  study  is  based  on  the  idea  of  obtaining  a simple  ap- 
proximation for  the  fluid  pressure  and  determining  the 
importance  of  the  downstream  fluid  behavior. 


PLATES  AND  SHELLS 

(Also  see  Nos.  1321,1329) 
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Traneverec  Vibrations  of  Viscoelastic  Shallow  Shells 

J Ma/umdar  and  D.  Bucco 

Dept  of  AppI  Mathematics,  The  Univ.  of  Adelaide, 
Adelaide,  South  Australia  5001,  J Sound  Vib., 
57  (3),  pp  323-331  (Apr  8,  1978)  3 figs,  14  refs 
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Key  WoffJs  S^iells,  I U'xurel  vihitiliuo).  VticoHattic  pro(> 
VI  ties 

A methixl  tor  ttte  nine  history  of  loolioo  of  shallow  shells 
of  visrof'lastic  roatenjl  urvler  arbitrary  tmie-riefiendent 
transverse  load  is  presentmf  The  inethorf  is  tsased  upon  the 
concept  of  ISO  amplitude  contour  lines  on  the  surface  of  the 
shell  It  IS  sliown  that  the  time  tsehavior  can  f>e  found  by 
usinrj  the  fiertuenry  of  free  vibration  of  the  associated  elastic 
shallow  shell.  As  an  illustration  of  the  technique,  the  problem 
of  a sfiallow  dome  upon  an  elliptic  base  is  discussed,  all 
details  of  which  are  explairred  by  graphs. 


78-i:no 

Natiiial  h of  (lytiiKincal  and  Panela 

III  Vacuum  and  in  a Fluid 

M K Ad  Yd(V) 

Nik  Itfdf  J*ow(*f  Gf’nordiKiO  Oiv,  Babcock  & Wilcox. 
Lyin  hljurq,  VA  ?4f>0f>,  .1.  Srjund  Vib  , ^ (3),  pp 
i41  3bb  (Apr  8.  13/8)  2 bqs.  b tables,  10  refs 

Key  Woids.  Cylindrical  shells.  Panels.  Natural  frequencies 

A unified  formula  for  estimating  the  natural  frequencies  of 
circular  cylindrical  shells  and  panels  in  vacuum  as  wall  as 
in  a fluid  IS  prr^sented.  Boundary  conditions  considered  in 
etude  both  dimply  supposed  and  clamped.  In  the  tatter  cate, 
tables  of  constants  are  irtcluded  to  facilitate  application  of 
the  formula.  Fxtension  of  the  method  to  estimate  the  fre- 
<tuencies  of  a system  of  cylindrical  shells  coupled  by  fluid 
gaps  is  alsr)  discussed.  The  methodology  is  particularly 
suitable  for  digital  computer  implementation. 


78-131  I 

DynaniH*  Inxlabilily  in  (^yiindrir4il  SliHls 

MB  Hddwdft  dOiJ  .)  Gdnin 

5;(.hrK)l  qf  Mc'ch  f fujrg  , PurdtKJ  Uriiv  . West  Ldfdy 
cdUi.  IN  4/90/.  .1  Sfjund  Vib  , ^ (3),  pp  373 
'182  (ff;t)8.  19/8)8fKjs,  yrets 

Key  Words:  Cylindrical  shells.  Harmonic  excitation 

The  stability  of  the  steady  state  response  of  simply  sup- 
ported circular  cylinders  subjected  to  harmonic  excitation 
is  investigated  by  using  variational  equations  reduced  from 
"exact"  non-imear  modal  equations.  The  inertia  of  the 
unperturbeej  vibration  motion  is  included  as  well  as  the 
non-iinearities  in  the  steady  state  resonant  response.  The 
existence  of  a new  mechanism  of  parametric  excitation  is 
predicted  and  the  conditions  by  which  it  develops  are  dis- 
custeif.  Unstable  regions  are  established  on  frequency  re- 
sponse plots  for  different  shell  geometries.  Numerical  integra- 
tion results  for  unstable  conditions  indicate  considerable 
overloacJirHj  of  the  structure  arnf  underline  the  practical 


significarKtt  of  this  instability  mechdnisrn. 


78-1312 

Sludiea  on  Vibraliiiii  of  Some  Kib-Sliffriird  (Canti- 
lever Platea 

M N liapu  Hau,  P.  Gurubwarny.  M V,  Rau,  and 
S Pavilhran 

StruMural  Stannees  (Jiv  , National  Aeronaut i(,al  Lab., 
Bantjalore  bfiOOW,  India.  .!  Stiond  Vtb  , 57  (31. 
pp  389  402  (Apr  8,  1978)  13  fiqs,  b tables,  6 refs 

Key  Words  Cantilever  plates.  Stiffened  plates.  Hesonant 
frequencies.  Mode  shapes 

An  experimental  study  was  carneri  out  to  determine  the 
resonant  mode  shapes  and  frequencies  of  some  rib-stiffened 
skew  cantilever  plates  by  holographic  interferometry.  The 
influences  of  varying  the  sweep  back  angle,  the  rib  stiffness 
and  the  aspect  ratio,  and  the  effect  of  varying  the  boundary 
coruJitions  at  the  root  chord,  on  the  frequerKies  and  mode 
shapes  v«rere  also  investigated.  Results  of  the  above  investi 
gallon  arnf  also  those  of  a comparative  study  with  the  finite 
element  solution  obtained  for  some  of  the  cases  studied 
are  presented  and  discussed 


78-1313 

On  the  Non-Kinear  Vibrationa  of  Rectangular  Plates 

G.  Prathap  and  T.K  Varadan 

Uept.  of  Aufonautics,  Indian  Inst,  of  lech.,  Madras 
6000'36,  India.  J.  Sound  Vib.,  ^6  (4),  pp  921  bCiO 
(Feb  22,  1978)  3 figs,  1 table,  22  refs 

Key  Words:  Rectangular  plates.  Nonlinear  res()onse.  Mode 
shapes 

A solution,  based  on  a one-term  mode  shape,  for  the  large 
amplitude  vibrations  of  a rectangular  orthotropic  plate, 
simply  supported  on  ail  edges  or  clamped  on  all  edges  for 
movable  and  immovable  in-plane  conditions,  is  found  by 
using  an  averaging  technique  that  helps  to  satisfy  the  in- 
plane boundary  conditions.  This  averaging  technique  for 
satisfying  the  immovable  in-plane  conditions  can  be  used 
to  resolve  many  anisotropic  and  skew  plate  problems  where 
otherwise,  when  a stress  function  is  used,  the  integration  of 
the  u and  v equations  becomes  difficult,  if  not  impossible. 
The  results  obtained  herein  are  compared  with  those  avail- 
able in  the  literature  for  the  isotropic  case. 


78-1.314 

On  the  KffecI  of  Different  Kdf'e  Flexibility  (Coef- 
ficients on  Transverse  Vibrations  of  Thin.  Kectan- 
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I^ular  Plates 

P A A Laura.  L E Luisoni.  and  G.  Ficcadenti 
Inst  of  Appl.  Mechanics,  8111  Base  Naval  Puerto 
Belqrano,  Argentina.  J Sound  Vib  . ^ (3),  pp  333- 
340  {Apr  8.  1978)  6 tigs.  3 tables,  8 refs 

Key  Words  Rectangular  plates.  Flexural  vibrations 

To  solve  problems  of  transverse  vibration  of  thin,  rectangular 
plates  with  different  edge  flexibility  coefficients  polynomial 
co-ordinate  functions  are  used  which  identically  satisfy  the 
boundary  conditions.  It  is  shown  that  by  a proper  combina- 
tion of  the  polynomials  several  modes  of  vibrations  can  be 
analyzed  with  a minimum  amount  of  labor.  A variational 
formulation  is  used  to  generate  the  frequency  equation. 


78-1315 

Analysis  of  Vibration  of  Clamped  Square  Plates 
by  the  Rayleq^h-Ritz  Method  with  Asymptotic 
Solutions  From  a Modified  Bolotin  Method 

K Vgayakumar  and  G K.  Ramaiah 
Dept  of  Aeronautical  Engrg  , Indian  Inst,  of  Science, 
Bangalore  660012,  India,  J Sound  Vib.,  ^ (1), 
PP  127  135  {Jan  8,  1978)  2 tables.  25  refs 

Key  Words  Plates,  Flexural  vibration,  Rayleigh-Ritz  meth- 
od, Bolotin  method 

Estimates  of  flexural  frequencies  of  clamped  square  plates 
are  initially  obtained  by  the  modified  Bolotin's  method.  The 
mode  shapes  >n  "each  direction"  are  then  determined  and  the 
product  functions  of  these  mode  shapes  are  used  as  admis- 
sible functions  in  the  Rayleigh-Ritz  method.  The  data  for  the 
first  twenty  eigenvalues  in  each  of  the  three  {four)  symmetric 
groups  obtained  by  the  Bolotin,  Rayleigh,  and  Rayleigh- 
Ritz  methods  are  reported  here. 


78-1316 

Kalimatioii  of  Fundamental  Frequency  of  Non- 
(drcular  Plates  with  Free,  Circular  Cutouts 

F E Eastepand  E G Hemmig 

Dept  of  Mech  and  Engrg.  Systems,  Air  Force  Inst 

of  Tech  , Wnght  Patterson  AFB,  OH  45433,  J.  Sound 

Vib  (2).  pp  155-165  (Jan  22,  1978)  6 figs,  15 

refs 

Key  Words:  Pistes,  Hole-containing  media.  Fundamental 
frequency 

A method  of  obtaining  approximata  fundamental  fraquartcitt 
of  slightly  non-circular  platas  with  frea  circular  cutouts  it 
developed.  An  approximate  expression  for  the  radius  of 


each  bounding  curve  is  written  as  a truncated  Fourier  series. 
The  support  conditions,  which  are  written  in  terms  of  a per- 
turbation series  of  the  modes  of  a circular  annulus,  are 
satisfied  on  the  approximate  boundaries.  The  approximate 
characteristic  equation  (either  first  or  second-order  approxi- 
mations) it  obtained  from  satisfaction  of  the  support  condi- 
tions and  the  fundamental  frequency  determirted  at  the  first 
root  to  this  characteristic  equation.  Approximate  frequencies 
of  the  fundamental  mode  of  a clamped  elliptical  plate,  square 
plate  with  a circular  cutout  and  an  eccentric  annulus  are 
determined  to  demonstrate  the  tecoruj-ordar  approximation. 
In  addition,  the  first-order  approximation  to  the  fundamental 
mode  of  an  eccentric  annulus  is  obtained. 


78-1317 

Free  Vibration  Analysia  of  the  Completely  Free 
Rectangular  Plate  by  the  Method  of  Superposition 

D.J.  Gorman 

Dept,  of  Mech.  Engrg.,  Univ.  of  Ottawa,  Ottawa, 
Canada,  J.  Sound  Vib.,  ^ (3),  pp  437-447  (Apr  8, 
1978)  9 figs,  4 tables,  4 refs 

Key  Words:  Rectangular  plates,  Free  vibration.  Method  of 
superposition 

In  a new  approach  to  free  vibration  analysis  of  the  com- 
pletely free  rectangular  plate  by  using  the  method  of  super- 
position, it  is  shown  that  solutions  which  satisfy  identically 
the  differential  equation  and  which  satisfy  the  boundary 
conditions  with  any  desired  degree  of  accuracy  are  obtained. 
Eigenvalues  of  four  digit  accuracy  ere  provided  for  a wide 
range  of  plate  aspect  ratios  and  modal  shapes.  Exact  delinea- 
tion is  made  between  the  three  families  of  modes  which  are 
characteristic  of  this  plate  vibration  problem.  Accurate  mooel 
shapes  are  provided  for  the  response  of  completely  free 
square  plates. 


78-1318 

Surface  Reiponae  Due  to  Harmonic  Vibration  of  a 
Ri^id  Diac  on  an  Flaatic  Half-Space 

A.  Karbassioun  and  J.D  Richardson 
School  of  Engrg.  and  Appl  Sciences,  Univ.  of  Sussex, 
Brighton  BN1  9QT,  UK,  J.  Sound  Vib  . ^ (3), 
pp  363  372  (Feb  8,  1978)  1 fig,  5 tables,  13  refs 

Key  Words:  Discs,  Elastic  properties.  Half-space,  Harmonic 
excitation 

The  harmonic  vibration  of  a rigid  diac  on  an  elastic  half-space 
is  considered.  An  exact  analysis  is  used  to  calculate  the  sur- 
face raaponte  et  venous  distances  from  the  disc  and  over  a 
wide  range  of  frequency.  Oetailed  results  are  given  for  each 
of  the  four  modes  of  vibration,  end  comparison  is  made  with 
existing  work.  In  particular  it  it  noted  that  the  results  for 
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th»f  hoii/ontdl  trdn&iatioii  niotle  an*  ihf*  only  accurutH  ftfsultn 
at  pf»i«nl  available,  and  that  the  exisnnq  results  for  the  tor 
siOM  mode,  cornpute<l  from  the  exact  theory  of  Meissner  and 
S;)grK;i,  are  in  error.  This  latter  point  is  confirmed  by  a 
recornputation  of  Meissner  and  Siigoci's  solutions  with  ex- 
cellent agfeeinent  rjbiamed  between  these  results  and  those 
r)f  the  (>resHr\t  work 


RINGS 


7H  1319 

Mt-aHurt-iiieiil  of  Dynamic  (Guilin;;  Force  (iocITicicntH 

D S. 

f'h  Ij.  Unw  (Ciiiwi;))  Will) 

Key  Words  Mela!  wrjrking,  Cuttimj,  Dynamic  response 

The  dynamic  behavior  of  metal  cutting  process  is  invest! 
gated  by  measuring  the  various  components  of  dynamic 
cutting  force.  For  the  complete  description  of  dynamics  of 
metal  cutting  it  is  necessary  to  give  eight  components  belong 
mg  to  the  resultant  dynamic  cutting  force  m an  orthogonal 
cutting  process.  An  expeiimer.tal  trrchnique  termed  as  the 
Double  Mr)(Jijlation  Methorf  has  been  rir>velopod  to  measure 
the  above  eight  coefficients  for  various  cutting  conditions 
r>f  speed.  (r;ed,  (cw^iicncy,  tool  weai  atsd  work  piece  ma- 
terials I ho  method  is  based  on  die  Fast  Fourier  Transform 
of  the  measured  signals  of  dynamic  cutting  forces  and  tool 
work  piece  relative  disfilacement. 


SPRINGS 


78  I .J20 

Nonlinear  Have  Prr>pa{>;alion  in  lleli«-at  Sptui^h  \*y 
the  Method  of  (ihararleriHlirx  and  f iiiile  Klnnenl 
Method 

S y '.irdifl 

f'hlJ  Ihr.'Mf,.  liriiv  «>f  llliriiji;,  ill  ! JiImhu  FdDjfTiiiui'JM, 
rn  pp  (10//) 
iJM  /HfMlOO 

Key  Words,  ffelical  springs,  Impact  response  (rnecfiantcal). 
Norilmeer  res(>onw.  Shock  wave  propagation,  Metfiod  of 
charartenstics.  Finite  element  tecfiriuiue 

The  problem  consirfered  is  that  of  a fielical  S|)ring  which  is 
fixerl  at  one  end  and  impacted  at  the  other  end  with  suf- 
ficient velocity  so  as  to  cause  contact  txdween  the  cods. 
The  problem  has  t>een  solved  by  two  different  methods 
VI/  , the  methotj  of  characteristics  and  the  finite  element 
method. 


STRUCTURAL 


78-1321 

F.iglit  Nixii;  KlaHlicily  Fiiiilc  lor  Htr<-Hti 

Viliralioii  and  |{iickliii|;  l‘rolil«iii.M 

M H,  Inurti 

Ph  U I'husib,  IJtilv.  ut  lyjulliorti  Calltatnia  (I'J//) 
Avail  Microyraphics  Ui.’lil.,  Dohony  I ihrafy,  C'iC, 
Los  Anyoles,  CA  9U007 

Key  Words:  Shells,  Beams,  Plates,  Finite  element  technitiue, 
Elasticity  theory 

A plane  stress,  plane  strain  and  liody  of  revolution  eigtil 
node  finite  element  was  developed  to  determine  the  stress, 
vibration  and  the  buckling  of  beam,  circular  plates,  and 
thick  and  thin  cylindrical,  conical  and  hyperboloidal  shells, 
and  other  complex  structures  A computer  program  was 
written  to  obtain  results  with  this  element.  Numerical  results 
obtained  were  in  excalleni  agreement  with  the  classicat 
results.  Beam  vibration  problems. which  consider  the  effects 
of  a (>endiriq  moment  were  strived  using  the  developerj  elas 
ticity  Theory  This  effect  cannot  be  considered  with  simple 
beam  theory. 


78-1. J22 

(.ioiitriliulioii  of  a Floor  Syalniii  to  llin  Dynaiiiir 
riiaractrriNlira  of  H/(^  Iluildiiigx 

I ].  I dqur 

(di.U  lhnsi;>,  Univ  ot  Cdhiornid,  flnrl  ploy,  /90  ig) 

(19/P) 

UM  //1f>D/0 

Key  Words.  Stiffness  methods.  Matrix  methods  I loors. 
Multistory  builrlings 

A practicable  and  sufficiently  accurate  stiffness  matrix 
method  for  estimating  the  conir.tiution  of  a floor  systeo' 
to  the  overall  elastic  stiffness  ol  rnornern  resisting  space 
Irames  is  developed  The  llooi  system  *:onsideted  consisted 
of  a two  way  reinforced  conciote  slab  supported  by  beams 
between  the  columns. 


7H-i:i2:i 

Fffer.t  ol  Brain  anil  StiffnraH  on  Dynainir 

Brliavioi  of  Keinforrrd  (ionrrrlc  (ioupird  WalK 

I M l.ybd.s 

Tfgjsis,  Umv  of  Illinois  di  Urhdnp  Cbofrijtdifjn. 
f)93i>P  (19/7) 

IJ^y!  /9(}40/9 
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Key  Words:  Walls,  Beaint,  Reinforced  concrete,  Seivruc 
response,  Hysteretic  damping 

Earthquake  simulation  studies  on  remforcerf  concretft  walls 
are  described.  The  earthr^uaki'  loading  was  of  a magniturte 
sufficient  to  cause  yielding  of  the  test  structures.  Mon/ontal 
acceleration  and  displacements  of  the  test  structures  at 
several  levels  were  measured  A similar  test  structure  wes 
subiected  to  slowly  applied  cyclic  lateral  loarlmg.  pro<fu<  my 
yielding  in  both  directions.  Lateral  toad  and  deflection  in 
the  form  of  load^deflection  hysteresis  relations  were  ob- 
tained. Variables  in  the  experimental  prr>gram  were  strength 
and  stiffness  of  the  connecting  beams  hi  adiiition,  hysteresis 
relations  for  the  structure  ur>dei  both  types  of  loading  were 
investigated  analytically. 


78-1324 

Dynamic  Kucklinti;  of  AxinyiiiiiK'lrir  SpherH  al  (^apH 
with  Initial  lnipcrf)-ctH>nH 

R Katj  and  N Pfirronu 

School  ot  fcnqrq  an<J  A()pl.  Science,  Georqc  Washinq 
ton  Ijniv  , Washington  DC,  41  pp  (Dec  197/) 
AD  A048  844/5GA 

Kay  Wordt:  Cap«  (supports).  Initial  imperfection  effects. 
Dynamic  buckling 

Dynamic  buckling  loads  are  obtained  for  axisymmetric 
spherical  ceps  with  initial  imperfections.  Two  types  of 
loading  are  considered,  namely,  slap  loading  of  infinite 
duration  and  right  triangular  pulse. 


SYSTEMS 


NOISE  REDUCTION 

(Also  sen  No  ISb/l 


78-1325 

Three  Methrida  for  Prediclinf'  the  Inaertion  Iaj««  of 
Clo8e-l''itlinf'  Arouidicai  Kncitraurea 

L W r yyec“fj  and  D R Trrfe 

f lat  Allis,  3000  S tith  St.,  Springfield,  IL  62710, 
Noise  Control  Lngr  , U)  (2),  (jp  74  79  (Mar/Api 
1978)  b figs,  9 refs 

Key  Words.  Enclosures,  Sound  transmission  loss.  Noise 
reduction 


The  theories  ot  Jackson,  Ver,  and  Junger  for  the  prediction 
of  insertion  loss  were  tested  experimentally  and  results 
were  compared. 


AIRCRAFT 

(Als(j  yjft  No  1 223) 


7H  1326 

liraf;  KflVcUon  Winf;  Kluttrr 

A iind  H Ashley 

of  AeronaolKeS  and  Astronautics.  Stanford 
Untv  , Stanford.  CA,  Rept.  No.  AKOSR  TH-77 
OtiOH,  1 1 pp  (May  23,  1975) 

AlJ  A04y  3;3/4GA 

Key  Words  Aircraft  wir)y.  Flutter 

Using  the  large-aspect-ratio,  cantilever  wing  as  a model,  the 
question  is  addressed  as  to  whether  forces  to  drag  type  may 
have  a significant  influence  on  dynamic  aeroetastic  stability. 
The  elementary  example  of  an  elastically  suspended  typical 
section  airfoil  with  constant  drag  and  quasisteady  airloads 
IS  analysed  Extensive  flutter  calculations  then  are  carried 
out  through  numerical  solution  of  the  integral  equations 
fur  a uniform  wing  with  distributed  properties  in  bending 
and  torsion. 


78-1327 

Kffecis  »f  Struclural  Non-Lincarili«fi  on  Aircraft 
V ibration  and  Flutter 

E.  Bruitbach 

AGARD,  Paris,  France,  Rept.  No.  AGARD  R 665; 
ISBN  92  835  1270  7,  17  pp  (Jan  1978) 

N 78  17076 

Key  Words:  Aircraft  vibration,  Flutter,  Nonlinear  theories 

The  physical  sources  of  verious  types  of  nonlinearltiei  were 
examined  and  their  influence  on  the  different  parts  of  the 
flutter  clearance  process  was  investigated.  Methods  which 
permit  quantitative  solutions  of  nonlinear  aeroelastic  prob- 
lems were  also  surveyed. 


7a- 1 328 

Dynamic  Analyaia  ol  an  In-Mif'ht  Kefuclinf;  Syatrm 

J.  Eichlcr 

Ben  Gnrion  Univ  of  the  Negev,  Israel,  J.  Aircraft, 
15  (5),  p|)  311  318  (May  1978)  7 figs,  7 tables, 
3 refs  I 
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Key  Wordt;  Aircraft  wings.  Wing  storas.  Storage  tanks. 
Fuel  storage 

A dynamic  analysis  was  performed  on  an  in-flight  refueling 
system.  This  system  has  twin  refueling  pods  set  far  out 
on  the  wings.  Consequently,  the  effects  of  wing  vibration 
and  vortex  become  important,  together  with  the  usual 
disturbance  of  vertical  wind  gusts.  The  paper  presents  the 
derivation  and  solution  of  the  nonlinear  partial  differential 
equations. 


BIOENGINEERING 


78-1329 

Axisyminetnc  Vibration  of  Human  Skull-Brain 
System 

J C Misra 

Oept.  of  Mathematics.  Indian  Inst,  of  lech.,  Kharay 
pur  721  302,  India,  Ing  Arch.,  47  (-1),  pp  11  19 
(1978)  10  figs,  11  refs 

Key  Words:  Bioengineering,  Head  (anatomy).  Spherical 
shells.  Axisymmetric  vibrations 

Vibrations  of  the  human  head  modeled  as  a prolate  spher- 
oidal shell  are  considered.  The  shell  is  assumed  to  be  made 
of  a linear  viscoelastic  solid  containing  a viscoelastic  fluid 
representing  the  brain.  Steady-state  response  of  human- 
si/ad  skull-brain  system  due  to  an  axisymmetric  load  is 
analysed.  The  effect  of  the  eccentricity  of  the  shell  on  its 
stiffness  is  found  to  be  quite  significant. 


BRIDGES 


78-1330 

SympoHuin  on  Dynamic  Behaviour  of  Bridges 

Transport  and  Road  Research  Lab.,  Crowthorne, 
UK,  Rept.  No.  TRRL  SUPPLfcMENTARY  275,  122 
PP  (1977) 

PB  276  671/5GA 

K«v  Words:  Bridges,  Vibration  damping.  Wind  induced 
excitation 

The  damping  of  highway  bridges  was  reviewed  at  the  sym- 
posium. The  following  topics  were  discussed:  rnerhcnism 
damping;  damping;  damping  measurements  on  steel  and 
composite  bridges;  dynamic  response  of  bridge  superstruc- 
tures; dynamic  response  to  traffic  and  wind;  correlation  of 
calculated  and  measured  dynamic  behavior  of  bridges; 
design  criteria  and  analysis  for  dynamic  loading  of  foot- 


bridges; and  an  engineer's  approach  to  dynamic  aspects  of 
bridge  design. 


78-1331 

Bridge  Viliratiuii  Sludiee 

A.  ShahabarJi 

Ph.U  Thesis,  Purdue  Univ.,  252  [ip  (1977) 

UM  /80:i2H? 

Key  Words.  Bridges,  Traltic  induced  vibrations.  Human 
response 

The  objective  ol  this  investigation  was  to  study  the  vibration 
ol  highway  bridges  due  to  moving  vehicles  and  the  effect 
of  vibrations  on  bridge  users.  In  order  to  establish  a criterion 
for  human  response  to  vibration,  available  literature  on 
human  response  to  vibration  was  reviewed.  Since  the  primary 
vibration  of  girder  bridges  is  in  the  vertical  direction,  the 
effect  of  vertical  vibration  (foot  to  head  direction)  on  the 
human  body  was  studied. 
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Key  Words:  interaction:  soil-structure.  Bridges,  Seismic 
excitation.  Mathematical  models.  Computer  programs 

Presented  in  this  report  is  a study  of  the  behavior  of  short, 
skew  highway  bridges  interacting  with  their  surrounding 
soils  during  strong  motion  earthquakes  The  first  part  of  the 
study  defines  a three-dimensional,  nonlinear  mathematical 
motiel  for  the  complete  bridge-soil  system  while  the  second 
part  develops  the  associated  computer  program  for  carrying 
out  time-hiitory  dynamic  response  analysis 
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The  seivnic  anaiysis  and  earthquake  resistant  design  of 
steel  low-fise  shear  buildings,  moment  frame  buildings,  and 
X biaced  fraioe  buildings  are  studieri  A number  of  tiwo 
and  three-story  buildings  were  designed  according  to  the 
lef-ornmendations  of  modern  building  crxles. 
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A Sluily  «l  llir  Apparent  Chaiici;  ■■■  lire  Koundation 
Kr.sp<>ni«-  of  a Niire-Slory  Reiiiforred  (Concrete 
ltuildin|> 

UA  I oiiK  h ;ind  P C Joiitiings 

Hull  beisiuol  Stjc  Arncr  , GH  (1),  PP  21'j /’29  (Feb 

19 /H)  1 liijs,  8 refs 

Key  Worils  Mullisloiy  liuilitinys,  He'r’orcud  concrete. 
Earthf}uake  ifamage 

The  purpose  uf  this  study  is  to  examine  the  indication  that 
the  founrJalion  response  of  the  structure  may  have  changed 
because  of  the  eartfutuake.  To  determine  whether  the  ob- 
servHf  changes  in  foundation  resptjnse  are  consistent  with 
the  change  in  natural  period,  two  analytical  models  of  the 
Mithkan  Library  building  were  developed.  Both  of  these 
models  include  the  effects  of  foundation  compliance  and 
one  includes  the  effects  of  shear  deformations  in  the  wails 
of  die  structure.  The  results  ol  these  simple  analyses  sf>ow 
the  changes  of  murie  shape  and  period  observed  betwoei* 
thi:  two  tests  to  lie  consistent. 
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SIihJm'H  on  the  SenaiiH'  DeMKli  of  l*ow-Ki»e  Slw^l 
Iliiildinf'K 

C j Moiit(|ufuf.'ry 

i'h  1)  lhi;,is,  iJniv  ()(  (liitM)i;i  .it  IJilj.iu.i  ChijrnfMhjn 
18U  Pi>  (19//) 
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Key  WrxrJs  Buildings,  Seismic  design,  Crxles  fstartdards) 

This  dissr  rtaliori  piesents  studies  on  the  seismic  analysis 
and  earrhfiuake  resisrant  design  of  steel  low  rise  shear  liuilrf 
ir>gs,  moment  bame  buildings,  and  X braceri  frame  builrlings 
In  the  first  portirin  of  the  study,  a nurtilier  of  twu  aiKl  thiei' 
sirjry  lauildings  wrire  designed  accorrlmg  to  the  recommerKla 
tioris  of  rnocfern  buifdmg  corfes.  Ii»  arkiition,  rwr>  simpler 
meihrxis  of  analysis,  the  modal  methorl  usrrj  in  conjunt 
non  with  inelastic  response  stiectra  and  the  quasi  static 


building  code  approach  modified  to  explicitly  take  inelastic 
behaviui  into  account,  were  evaluated  for  use  in  calculating 
response  quantities.  In  the  Iasi  section  of  the  dissertation, 
the  application  of  the  results  of  these  studies  to  the  practical 
design  of  low-rise  steel  buildings  it  discussed.  A simplified 
design  procedure  that  is  in  part  similar  to  the  quati-static 
building  code  approach  presently  recommended  by  the 
Applied  Technology  Council  III  stuily  is  discussed. 
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SriMiiir  Slieara  and  Oveiiuriiuif;  Moint^iils  in  Buildint'a 

R SfTHluWit/ 

Hli.O  T1h?sis,  IJniv  tjl  Illinois  at  i Jrbana  Cbafrifidiqit, 
14/  pp  (19//) 

UM  /804103 

Key  Words:  Buildings,  Beams.  Seismic  design,  Parametric 
response,  Modal  analysis 

In  this  study  a procedure  is  presented  for  rleiermining  the 
design  distribution  of  story  shears  and  overturning  moments 
in  buildings  subjected  to  strong  ground  motions,  with  part;'*- 
ular  emphasis  on  tall  buildings  A parameter  study  was  con- 
ducted and  modal  analyses  were  performed  to  determine 
the  influence  of  the  following  variables  on  the  most  prob- 
able response  to  earthquake  excitation  at  various  levels 
in  a building.  Sets  of  acceleration  distributions  and  base 
values  are  presented  for  calculating  separately  story  shears 
and  overturning  momenii  over  the  height  of  the  building. 
Statistical  comparisons  of  the  various  conditions  are  pre- 
sentrxJ  in  a design  format  for  use  in  the  preliminary  j)ro 
portioning  of  structural  members. 
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Dyiiajiiir  lirhaviur  of  a l..oad  l.illetl  by  a Mubib* 
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oil  Boom  IIoimI  Motion,  4*lr.) 

H Itn.  Y Jjund.i,  ftnd  H Hj|ifrvjto 
Kobe  Stcol  i Id  , Akdshi,  Jdp.in,  Hull  JSMl  . /I 
(1!j4),  pp  f)0Uf<J8  (Apt  19/8)  ItJ  litjs,  1 t.ilih  . 
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Key  Words  Hoist'«,  Cranes  (huisttl 

This  |>dper  tjrials  with  ihe  Ixthavior  ol  a loarf  lifterl  by  a 
mobile  crane  iiiring  Ixjom  hoisting,  and  during  btiorn  tioist 
iftg  and  lowering  which  are  executed  at  the  same  time 
Ihe  etjuations  of  motion  are  given  m the  form  of  Lagrange's 
Hquation,  arxl  the  solutions  are  obtained  by  Runge-Kutta 
Gill  method  In  experiments  the  rope  tension  was  measurrxJ 
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with  load  cells,  and  displacements  of  the  load  and  the  boom 
point  were  measured  with  cameras  and  sound-wave 
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Dept,  of  Geophysics,  Stanford  Univ  , CA  94300, 
Bull  Seisriiol.  Soc  Amer  ,68  (1),  p|)  103-116  (f  eb 
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Key  Words;  Normal  modes,  Earth  models.  Variational 
methods,  Rayleigh-Hit/  methods 

V»r\ovis  methods,  mcludmg  Isrst-  and  second-otdet  per- 
turt>ation  theory  and  variational  methods  have  been  proposed 
for  calculating  the  normal  modes  of  a laterally  heterogeneous 
earth.  In  this  paper,  three  of  these  methods  are  tested  for 
a simple  one-dimensional  example  for  which  the  exact  solu- 
tion IS  available:  an  initially  homogeneous  "string"  in  which 
the  density  and  stiffness  are  increased  in  one  half  and  de- 
creased in  the  other  by  equal  amounts. 
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Analy/.e  Your  Kngine  Kouiidationa 

WM  Kauffniann 

Pownr,  122  (b),  VV  /I  (May  1978)  G tiqs 

Key  Words;  Engine  foundations.  Soils,  Natural  frequencies 

When  the  disturbing  force  in  the  engine  or  compressor, 
say  from  primary  or  secondary  imbalance,  is  at  the  same 
frectuency  as  that  o1  the  combined  foundation  and  soil 
system,  serious  vibration  occurs.  The  effect  of  natural  fre- 
quency of  soil  in  elastic  systems  comprising  engine  founda 
tion  and  supporting  soil  and  piling  is  presented.  The  im 
portance  of  designing  foundations  early  in  the  planning 
stage  is  stressed,  am'  a typical  problem  is  illustrated  Ad 
ditional  problems,  which  might  arise  after  the  unit  enters 
the  service,  are  considered,  among  them,  problems  arising 
from  soil  compaction  and  changes  in  concrete  foundation 
blocks,  caused  by  chemical  reaction  and  temperature. 
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The  Prediction  of  PaMsen^er  Riding  (Comfort  from 
Acceleratioii  Data 

C C Smith,  D.Y  McGehee,  and  A J.  HoaltiV 
Oopt  of  Mftch.  { ngrg  , 7 he  Univ.  of  Texas  at  Austin. 
TX,  J.  Oyn.  Syst.  ModS  urid  Control,  Trans  ASME, 
100  (1),  pp  34  41  (Mar  1978)  5 figs,  3 tables,  5 refs 

Key  Words  Ride  dynamics.  Human  response 

Various  methods  for  evaluating  ride  quality  m automobiles 
are  investigated  by  means  of  a field  study  involving  two 
different  automobiles,  seventy-eight  different  passengers, 
and  eighteen  different  roadway  sections.  Passenger  rating 
panels  were  used  to  obtain  subjective  evaluation  of  the  var- 
ious rides,  and  measured  vibration  spectra  were  examined  on 
the  basis  of  various  frequency  weighting  techniques  to 
determine  their  ability  to  predict  the  subjective  ratings. 
Included  in  the  evaluation  criteria  considered  are  weighting 
functions  derived  from  the  ISO  (International  Standards 
Organization)  Standard,  the  UTACV  (Urban  Tracked  Air 
Cushion  Vehicle)  Specification,  and  the  Absorbed  Power 
method  of  Lee  and  Pradko.  Equations  are  presented  to 
predict  the  subjective  ride  rating  from  measured  vibration 
spectra. 
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A Review  ol  the  Kf feels  uf  Vibration  on  Visual 
Ae.uity  and  Cunlinuous  Manual  (;onlrol.  Part  I: 
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M J.  Griffin  and  C.H.  Lewis 

Inst,  of  Sound  and  Vib  Res.,  fJniv.  of  Souttiarnpton, 
Southampton  S09  6NH,  UK,  J.  Sound  Vib.,  (3), 
pp  ;i83-413  (Let)  8,  1978)  5 tifjs,  6b  rets 

Key  Words.  Vibration  eltects.  Human  response 

This  IS  the  first  part  of  a review  of  the  effects  of  vibration 
on  vision  and  continuous  manual  control.  In  this  part  ex- 
perimental research  into  the  effects  on  human  vision  of 
both  object  vibration  and  whole-body  vibration  is  sum- 
marized. Knowledge  of  the  respective  effects  of  vibration 
vanables  (principally  amplitude,  frequency  and  direction! 
and  visual  task  variables  (such  as  illumination,  size  and 
viewing  distance)  is  discussed  in  separate  sections. 
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Continuous  Manual  Control 

CH  Levels  and  M.J  Griffin 

Inst,  of  Sound  and  Vib.  Res,,  Univ  of  Southampton, 
Southampton  S09  5NH,  UK,  J.  Sound  Vib  , ^ (3), 
PP41S-457  (Feb  8,  1978)  11  figs.  91  refs 

Key  ^ords:  Vibration  effects.  Human  response 

This  second,  and  final  part  of  a review  of  the  effects  of 
vibration  on  human  performance  is  concerned  with  con- 
tinuous manual  control,  or  tracking.  As  in  the  first  part, 
which  dealt  with  the  effects  of  vibration  on  vision,  the  task 
and  vibration  variables  which  have  been  shown  to  affect 
the  sensitivity  of  a task  to  vibration  are  discussed  separately. 
Other  sections  are  concerned  with  the  measurement  of 
tracking  performance  in  vibration  environments,  general 
conclusions  about  the  nature  and  mechanisms  of  the  effects 
of  vibration  on  tracking  and  the  application  of  these  con- 
clusions in  the  form  of  predictive  models.  The  procedures 
and  results  of  most  of  the  laboratory  studies  of  vibration 
and  tracking  performance  are  separately  summarized  in 
tabular  form  in  the  Appendix  as  a convenient  guide  to  the 
relevant  literature. 
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Hand-Ami  N'ibration.  Part  III;  A Distributed  Parame- 
ter Uynaiiiic  Model  of  the  Hutnan  Hand-Ann  System 

L.A.Wood.C.W  Suggs,  and  C.F  Abrams,  Jr 
School  of  Mech.  and  Industrial  Engrg.,  The  Univ. 
of  New  South  Wales,  P.O.  Box  1 , Kensington,  N.S.W. 
2033,  Australia,  J.  Sound  Vib.,  ^ (2),  pp  157- 
169  (IVar  22,  1978)  10  figs,  14  refs 

Key  Words;  Human  hand.  Vibration  response.  Mathematical 
models.  Beams 

An  anatomically  analogous  distributed  parameter  dynamic 
model  of  the  human  arm  is  proposed  and  quantitatively 
validated  Distributed  mass  and  stiffness  parameters  have 
been  obtained  by  representing  each  long  bone  of  the  arm 
as  a flexural  beam.  A distributed  damping  parameter  w 
introduced  by  allowing  the  beam  stiffness  to  be  a complex 
quantity.  Hand  properties  were  modeled  as  a lumped  parame- 
ter damped  spring-mass  system.  Mechanical  driving  point 
impedance  techniques  were  used  to  verify  the  model. 
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(See  f'Ji/  ^202) 
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Dynaniir  Characteristics  of  the  Hydraulic  Peed 
System  of  Machine  Tools  (1st  Report;  .-Vinplitude 
and  Period  of  Stick -slip  Oscillation) 

T Teshimaand  Y.  Komura 

Faculty  of  Engrg.,  Fukui  Univ.,  Bunkvo-3,  Fukui, 
Japan,  Bull.  JSME,  21  (1531,  pp  463-470  (Mar 
19781  16  figs,  12  refs 

Key  Words;  Stick-slip  response,  Machine  tools 

The  phenomenon  of  stick-slip  oscillations  of  the  feed  drives 
of  machine  tools  is  an  important  problem  in  the  designing 
of  a hydraulic  feed  system  because  of  its  low  stiffness.  The 
basic  equations  of  the  slider  motion  on  a machine  tool 
guideway  when  some  amount  of  air  is  included  in  the  hy- 
draulic system  are  set  up,  and  so'ved  numerically  by  Runge- 
Kutta-Gill  method.  The  results  obtained  are  compared  to 
experiments. 
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Evaluation  of  Cushion  Dynamic  Properties  by  Im- 
pedance Measurements 

E.M.  Nassar 

Arab  Organi/ation  for  Industrialisation,  Cairo, 
Egypt,  J.  Test  Eval.,  §_  (3),  pp  231-236  (May  1978) 
8 figs,  3 tables,  6 refs 

Key  Words:  Packaging  materials.  Stiffness  coefficier'., 

Damping  coefficients.  Mechanical  impedance 

A method  is  proposed  for  the  evaluation  of  cushions  in 
dynamic  environments.  With  the  mechanical  impedance 
technique  the  cushion  properties  are  determined  in  terms  of 
equivalent  distributions  of  stiffness,  damping,  and  mass 
parameters.  Test  results  on  a specific  material  show  that 
these  parameters  may  be  considered  of  constant  magnitude 
within  limited  ranges  of  frequencies  and  input  levels.  The 
equivalent  cushion  parameters  are  presented  in  dimension- 
less form  as  functions  of  the  geometry  and  the  input  levels. 
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Free  VihraCioiis  o(  .Skirt  .Supported  Pressure  Vessels - 
All  Eiif>ineeriiig  Applieatioii  of  Timoshenko  Beam 
I lieory 

M.  Levinson  .ind  M.  El  Menoufy 


Oept.  of  Civil  Engrg  and  Engrg.  Mech.,  McMaster 
Univ.,  Hamilton,  Ontario,  Canada  L8S4L7,J.  Sound 
Vib.,^  (3).  pp  413-424  (Apr  8,  1978)  7 figs,  2 
tables,  8 refs 

Key  Words:  Pressure  vessels,  Trmoshenko  theory.  Free 
vibration 

Timoshenko  beam  theory  is  applied  to  the  study  of  the 
free  vibrations  of  skirt  supported  pressure  vessels  in  this 
paper;  such  systems  are  used  in  the  process  and  power 
generation  industries  as  well  as  aboard  nuclear  powered 
vessels. 
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Noise  Generated  by  Ia>w  Pressure  .\xial  Flow  Fans. 
HI:  Effects  of  Rotational  Frequency,  Blade  Thick- 
ness and  Outer  Blade  Profile 

T.  Fukano,  Y.  Kodama.and  Y.  Takamatsu 
Faculty  of  Engrg  36,  Kyushu  Univ  , Fukuoka, 
Japan,  J.  Sound  Vib  , ^6  (2),  pp  261-277  (Jan  22, 
1978)  14  figs,  3 tables,  7 refs 

Key  Words;  Fans,  Noise  generation 

Experimental  results  for  ttie  effects  of  fan  rotational  fre- 
quency and  blade  thickness  at  the  trailing  edge  are  described 
and  these  results  are  compared  with  ihe  theory  It  is  shown 
that  the  outer  profile  of  the  blade  has  considerable  effects 
on  both  noise  and  aerodynamic  characteristics  of  fans:  that 
is,  impellers  with  blades  swept  forward  are  much  superior 
to  those  with  blades  swept  backward. 


78-1348 

Fan  Availability  Threatened  by  Three  Primary 
Phenomena 

The  1978  Electric  Utility  Generation  Planbook, 
Edited  by  Power  Magazine,  pp  137  140  (1978) 
12  figs,  4 refs 

Key  Words:  Fans,  Failure  analysis 

The  most  common  reasons  for  unscheduled  outages  caused 
by  fans  are  bearing  failure,  erosion,  and  vibration.  After  a 
brief  discussion  of  each  item,  suggestions  for  fan  operation 
and  maintenance  are  offered.  Most  comments  are  directed 
toward  the  severest  fan  duty,  that  of  gas  recirculation  and 


induced-draft  applications,  but  forced-draft  and  primary- 
air  fans  are  also  considered. 
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Scale  Model  Pertormaiiee  Testing  to  .Assess  the 
Effect  of  a Foundation  Transverse  Rocking  Vibration 
Mode  on  Centrifugal  Industrial  F'an  Shafts 

G.F1.  Tomlinson 

Sturtevant  Engrg.  Products  Ltd.,  Denton,  Manchester, 
UK,  Scaling  for  Performance  Prediction  in  Rotor- 
dynamic  Machines,  Papers  presented  at  the  Conf. 
held  at  the  Univ  of  Stirling,  1977,  Sept  6-8,  London 
Institution  of  Mechanical  Engineers.  19/7,  pp41  44, 
7 refs 

Key  Words:  Fans,  Model  testing.  Vibration  tests 

Tests  have  been  carried  out  on  a scale  model,  representing 
the  essential  features  of  a centrifugal  fan  system  and  a low 
tuned  concrete  foundation.  The  test  results  show  the  effect 
of  reducing  the  fan  shaft  natural  frequency  until  it  approach- 
es the  concrete  foundation  rocking  mode  natural  frequency. 
A factor  of  safety  is  derived  which  should  prevent  rough 
running  of  such  a system  due  to  any  interaction  between 
the  foundation  and  shaft  amplitudes  of  vibration  resulting 
from  the  closeness  of  their  respective  natural  trequencie.s. 
A theoretical  model  is  also  described  which  supports  the 
experimental  results. 
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FTow  Excited  Vibrations  in  High-Pressure  Turbine.s 
(Steam  Whirl) 

E.  Pollman,  H.  Schwerdtfeger,  and  FI.  Termuehlen 
Kraftwerk  Union  AG,  Muelheim  (Ruhr),  West  Ger- 
many, J.  Engr.  Power,  Trans.  ASME,  IjJO  (2),  pp 
219-228  (Apr  1978)  13  figs,  2 tables,  32  refs 

Key  Words:  Steam  turbines.  Fluid-induced  excitation 

The  following  excitation  mechanisms  of  nonsynchronous 
vibrations  of  high  speed  turbine  generators  were  investigated; 
the  gas  bearing  effect,  Lomakin  effect.  Alford  effect,  spiral 
flow  effect,  load  dependent  excitation  (steam  whirl),  material 
friction,  and  others. 
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Power  Spectral  Density  for  Constrained  Long  Wave- 
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lenj^  Guideway  Irregularities 

M.B  Krishna  and  D.  Hullender 
Rockwool  Industries,  Inc.,  Belton,  TX,  J.  Dyn. 
Syst.  Meas,  and  Control,  Trans.  ASME,  100  (1), 
pp  18-23  (Mar  1978)  9 figs,  10  refs 

Key  Words:  Guideways,  Power  spectra.  Spectra!  energy 
distribution 

An  equation  for  the  power  spectral  density  (PSD)  of  guide- 
way  irregularities  that  have  been  constrained  to  lie  within 
a designated  band  is  formulated.  The  equation  enables 
guideway  designers  to  control  the  upper  bound  on  the  long 
wavelength  portion  ot  the  roughness  PSD.  The  paper  also 
provides  insight  into  the  accuracy  of  two  quasi!  inear  model- 
ing techniques  for  nonlinearities  with  random  inputs. 
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Control  of  Sleani  Venting  Noise  in  Power  Plants 

J.K.  Flovd 

Pulsco  Div  , American  Air  Filter  Co.,  Louisvitle.  KY, 
J Engr.  Power.  Trans.  ASME,  100  (2),  pp  369- 
373  (Apr  19T8)  10  figs,  2 tables,  7 refs 

Key  Words:  Nuclear  power  plants.  Noise  reduction 

Steam  venting  to  atmosphere  from  piping  system  pressures 
as  high  as  2500  psig,  as  may  occur  during  safety  valve  and 
power  relief  valve  operation  or  during  initial  steam  piping 
clean  up,  is  one  of  the  most  intense  sources  of  noise  emitted 
by  fossil  and  nuclear  power  plants.  This  paper  discusses 
characteristics  of  sonic  and  turbulent  vent  noise. 
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(Also  see  Nos.  1224,  1240,  1340) 
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Finite  Clement  .Methods  Reduce  Interior  .Noise 

Automotive  Engineering  (SAEl,  ^ (5).  pp  32  37 
(May  19781  5 figs 

Key  Words:  Automobiles.  Vibration  reduction.  Finite 

element  method 

Finite  element  methods  are  applied  to  evaluate  the  effect 
of  the  lower  frequency  structural  modes  and  the  lower 
frequency  cavity  acoustic  modes  on  noise  in  the  automobile 


Passenger  compartment. 
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The  .\pplication  of  Isotropy  in  Road  Surface  Mod- 
elling 

K.M  A.  Kamash  and  J.D.  Robson 
Dftpt.  of  Mech.  Engrg.,  Univ.  of  Glasgow,  Glasgow 
G12  8QQ.  UK,  J.  Sound  Vib.,  _57  ID,  pp  89-100 
(Mar  8,  1978}  6 figs,  8 refs 

Key  Words:  Road  roughness.  Surface  roughness.  Isotropy, 
Mathematical  models 

Road  surface  description  forms  the  basis  of  vehicle  response 
prediction,  but  in  most  cases  precise  description  of  a par- 
ticular road  IS  of  less  value  than  a description  representative 
of  a class  of  roads,  in  these  circumstances  an  analytical 
road  surface  model  has  special  advantages.  In  modeling 
a road  surface  - rather  than  a single  road  profile  - the  hy- 
pothesis of  isotropy  is  shown  to  provide  a useful  basis,  and 
the  paper  shows  how  a particular  profile  spectral  density, 
together  with  the  assumption  of  isotropy,  can  be  used  to 
define  an  effective  surface  model.  Coherence  functions 
derived  from  the  proposed  model  are  validated  by  com- 
parison with  coherencies  based  on  measurement. 


ROTORS 

(Also  see  No.  1 257) 


78-1355 

Calculation  of  Flexural  Vibrations  of  Printing  Mech- 
anisms in  Rotating  Cylindrical  Printing  Machines 
(Berechnung  von  Biegeschwingungen  in  Druck- 
werken  von  Rollenrotationanaschiiien) 

D.  Muller 

Maschinenbautechnik,  2^  (11),  PP  505-508  (Nov 
1977)  3 figs,  6 refs 
(In  German) 

Key  Words:  Flexural  vibrations,  Cylinders,  Printing 

A linear  continuous  vibration  rnodel  for  the  determination 
of  dynamic  response  of  a cylindrical  printing  mechanism 
is  described.  The  conservative  boundary  value  problem  is 
approximated  using  Galerkin  method. 


78-1356 

The  Aperiodic  Behaviour  of  a Rigid  Shaft  in  Short 
journal  Bearings 
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A G HolrTios,  C M M fc  tllos.  and  I.W.  May«s 
Mo(.h  t ri()r(j.  Uep!.,  Irnpnrial  Collooo.  London,  UK, 
Irttl.  .)  Niirnor  Methods  I tMjr..  (4|,  pp  69S  70? 
(1978)6  fiqs.brefs  ~ 

Key  Words:  Shafts,  Rotor-bearing  systems.  Periodic  re- 
sponse. Boundary  value  problems 

A study  is  presented  of  the  symmetrical  steady-state  motion 
of  a rigid  shaft  supported  by  two  ‘short*  (Ocvirk)  journal 
bearings  The  equations  of  motion  for  a balanced  or  un- 
balanced shaft  were  solved  using  numerical  'initial  value 
problem'  techniques.  Frequency  analysis,  which  was  used 
to  determine  the  components  of  the  steady-state  motion, 
confirmed  that,  for  most  conditions,  the  motion  was  asymp- 
totically periodic  comprising  a small  number  of  components  - 
principally  at  synchronous  and  half  synchronous  frequency. 
However,  a region  of  the  operating  space  was  found,  in  which 
the  motion  was  complex  and  did  not  settle  to  a limit  cycle. 
An  estimate  of  the  extent  of  this  region  is  given  and  the 
suspected  cause  investigated. 
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Tail  Rotor  l^iadx  and  Stability 

W.  [ . f (iwarrls  and  W Miao 

BofJtnfj  Vortol  Co.,  Philadelphia,  f*A,  Hof)t.  Nf) 
U0?b  VJSAAMHDL  IR  /G  16,  2B9  v\>  (Nov 

1977) 

At)  A049  679 /6G A 

Key  Words  Rotors,  Wind  tunnel  tests.  Aerodynamic  siabil 
tty 

Four  wind  tunnel  model  tests  were  conducted  on  a model 
flex-strap  bearingless  tail  rotor  was  studied  for  nnroelastic 
stability  characteristics  and  loads  In  all.  12  individual  rotor 
parameters  were  investigated  to  determine  their  effect  on 
aeroelastic  stability. 


78  1358 

Tor»|u<*whirl  - A Theory  to  F.xplaiii  iNonaynchroiioii.H 
Whiriinti;  Failurea  of  Kotorx  with  liigh-l^iad  Torf^iie 

•J  M Vanqe 

Univ.  of  Florida,  Gainnsville,  PL,  J.  t'ngr  Powor, 
Trans  ASME.  1()0  (2).  pp  236-240  (Apr  1978) 
7 tifjs,  10  refs 

Key  Words  Rotors,  Shafts,  Whirling 

Numerous  unexplained  failures  of  rotating  machinery  by 
nonsynchronous  shaft  whirling  point  to  a possible  driving 
mechanism  or  source  of  energy  not  identified  by  previously 
existing  theory.  A majority  of  these  failures  have  been  in 


machines  characterized  by  overhung  disks  (or  disks  located 
close  to  one  end  of  a bearing  sf>an)  and/or  high  power  and 
load  torque.  This  paper  gives  exact  solutions  to  the  nonlinear 
differential  equations  of  motion  for  a rotor  having  both  of 
these  characteristics  and  shows  that  high  ratios  of  driving 
torque  to  damping  can  produce  nonsynchronous  whirling 
with  destructively  large  amplitudes.  Solutions  are  given  for 
two  cases  viscous  load  torrjue  and  damping,  and  load  torque 
and  damping  proportional  to  the  second  power  of  velocity 
(aerodynamic  case).  Criteria  are  given  for  avoiding  the  tor- 
quewhirl  condition. 


SELF-EXCITED 


78-1359 

Self-lntiucfvJ  VibratioiiH  by  Thonnal  Strefw 

H.  Mydar?jm(j 

Faculty  of  fcnry  . Univ.  of  Tokyo,  Honrjo  Bunkyo- 
ku.  Tokyo,  Japan,  Bull  JSME,  ^ (163),  pp  412 
423  (Mar  1978)  33  ftfjs,  8 refs 

Key  Words.  Wires,  Beams.  Thermal  excitation.  Self-excited 
vibrations 

A metal  beam  heated  by  the  pa$sag<>  of  an  electric  current 
may  fMrgin  to  vibrate  laterally  under  certain  conditions.  A 
horizontal  wire  heated  by  the  current  may  also  begin  to 
Vibrate  vertically.  When  a beam  moves  in  one  direction, 
the  front  surface  is  cooled  more  than  the  back  surface.  In 
high  frequency  region,  a phase  lag  is  generated  and  the  back 
surface  is  cooled  moie.  Hence,  In  lower  frequency  region, 
the  fundamental  mode  of  cantilever  at  which  the  front  part 
is  shrinking  is  induced.  The  temperature  of  a wire,  vib’adng 
with  high  frequency,  becomes  low  when  it  moves  upwards. 
Then  the  reduction  of  static  deflection  occurs,  the  direction 
of  which  is  equal  to  that  of  the  motion  of  the  vibrating 
wire.  Therefore,  with  energy  gained,  a k/ibration  can  be 
induced. 
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78-1360 

Heave  Motion  of  Air  Ciiahion  Veliicles 

M R.  Swift  and  D,  Lubol 

Univ.  of  New  Hampshire,  Durham,  NH,  J.  Hydro- 
nautics,  12_  (2),  pp  85  87  (Apr  1978)  1 fig,  8 refs 

Key  Words:  Ground  effect  machines.  Heaving,  Equations 
of  motion 

In  this  paper,  the  heave  motion  of  air  cushion  vehicles  alone 


83 


is  considered,  which  reduces  the  complexity  of  the  equation 
of  motion  and  the  conservation  of  air  mass  expression. 
These  relations  are  u$e<f  to  solve  for  the  heave  coordinate 
in  terms  of  the  wave  parameters  and  the  craft  speed  and 
design  specifications.  The  theory  is  then  discussed  in  terms 
of  the  heave  motion  frequency  response  and  is  compared 
with  data  obtained  by  experiment  using  a scale  model  in 
a towinq  tank. 


78-1361 

Seakerpin^  IlynaniirM  of  a Single  (luahion.  Peripheral 
(<ell-Stabiliy  ed  Air  (iuahiofi  Vehicle 

R Carrier,  A.H.  Maqnuson,  arid  M R Swift 
Univ.  of  New  Hampshire.  (Xirharn,  NH.  J.  Hyrjro 
nautics,  1?  (?).  pp  49  S4  (Apr  1978)  9 firjs,  1 table. 
12  refs 

Key  Words:  Ground  effect  machines.  Dynamic  response 

A study  of  air  cushion  vehicle  (ACV)  motion  in  waves  is 
presented  for  a single  cushion  ACV  having  a cellular,  peri- 
pheral cell  type  skirt  system.  The  craft  is  considered  to  be 
traveling  at  constant  speed  while  encountering  regular 
waves  of  arbitrary  heading.  The  dynamic  equations  for 
pitch,  heave,  and  roll  motions  are  derived  using  the  cushion 
and  ceil  air  flow  equations.  These  equations  are  solved 
numerically  using  a digital  computer.  The  results  are  shown 
as  frequency  response  curves  giving  steady-state  motion 
response  amplitudes  as  a function  of  encounter  frequency 
or  wavelength  for  fixed  craft  speed  and  wave  steepness. 


R.W  Howells 

Power  Transm.  Des.,  20  (5),  pp  4649  (May  1978) 
7 figs,  4 rets 

Key  Words:  Poiwer  transmission  systems.  Finite  element 
technique.  Helicopter  rotors.  Vibration  control 

Finite  element  analysts  is  fast  becoming  a regular  technique 
for  drive  designers.  A transmission  design  tool  using  finite 
element  methods  is  presented.  A computer  model  for  a rotor 
transmission  is  developed  and  is  applied  to  optimize  trans- 
mission design.  The  current  effort  is  concentrated  in  two 
areas  to  minimize  overall  vibration  and  noise  levels  and 
to  optimize  the  housing  structural  design. 
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(See  No.  1 284) 
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A Noir  on  Structural  Damping  of  Ship  IIuIIk 

R F D f-iisFiof)  and  W.G  Prico 

F>;pt.  of  Mnr  h t nrirq  , Univ.  Colloqc  London,  Lon 
don  WCK  7.IE,  UK.  .1  Soond  Vih  . h6  (41,  ii(j  49b 
499  (Fob  22.  19/R)  1 fn),  2 ta()lfis,  4 rots 

Key  Words  Ship  hulls.  Damping 

Existim^  information  on  rhe  structural  dampif>g  of  ships 
IS  far  from  satisfactory.  It  cannot  be  calculated  and  it  can 
only  be  measureeJ  m th<*  presence  of  hydrodynamic  damping, 
whose  nature  and  magniturJe  are  also  somewhat  obscure. 
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